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Erratum 

In Article 16725 on Protection of Gastric Mucosa, Amisate and Protoly- 
sate in the tables refer to Hydrolysate in the text. 
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Erratum 

In Article 16647P, October 1948, p. ISO, the Dibenamine used was received in 
January 1947. On comparison with a newly obtained lot, the older material con- 
tained only Yi to its original strength. The dosage therefore stated in the article 
was too large by the corresponding amount. 
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Effect of Feeding Moderate Levels of Commercially Agenized Flour 

to Dogs.^ 

G. W. Newell, S. N. Gershoff, T. C. Erickson, W. E. Gilson, and C. A. 

Elvehjem. 

From the Deparivicnt of Fiochcniisiryf College of AgricnJUiref and the Bepartmenia of Surgery 
and Medical Electronics^ School of Medicv^Cy University of IVisconsuif 2ladison. 


During the past 18 months many questions 
have been raised concerning the role of nitro- 
gen trichloride-treated flour (agenized) in the 
etiology of human epilepsy. Shortly after 
Erickson et alJ suggested that wheat .gluten 
might be important in the causation of human 
epilepsy, a report by Mellanby- showed that 
epileptiform convulsions in dogs could be con- 
sistently induced when the animals were fed 
rations which contained high amounts of flour 
treated with nitrogen trichloride. These ob- 
servations were later confirmed by Silver et 
aL^ and Newell et and the studies were 
extended to other animals. In all these ex- 
periments the rations fed to dogs contained 
large amounts of flour (70-84%). These 

* PubUslied witli tlie approval of the Director 
of the Wisconsin Agricultural Experiment Station. 

This work was supported in part by a grant 
from the Wallace and Ticruan CJompany, Inc., 
Newark, N.d. 

1 Erickson, T. C., Gilson, W. E., Elvelijem, C. A., 
and Newell, O. W., Proc. Assn. Fcsearch in Xei’v> 
oits and Mental Dis.j 194.6, 20,' 164. 

2 Mellanby, E., Frit Med. 1946, 2, 885. 

3 Silver, M. L., Johnson, E, E., Kark, R. M., 
Klein, J. R., Monahan, E. P., and Zevin, S, S., 
J. Am. Med. Assiu, 1947, 135, 757. 

4 Newell, G. W., Erickson, T. C., Gilson, W. E,, 
Gershoff, S. N., and Elvehjeni, C. A., J. Am. Med. 
Assn., 1947, 135, 760. 


flours were treated with nitrogen trichloride 
in amounts which ranged up to 15 times more 
than the treatment normally given flour con- 
sumed by human beings. 

The use of agene as a maturing agent has 
increased steadily during the past 25 years. 
In 1945, 85% of the flour used in this coun- 
try was treated with nitrogen trichloride. Be- 
cause of the ^Yide use of wheat products, it 
was decided to place a series of dogs on a 
diet which contained an amount of flour ap- 
proximately equal to that used in the average 
American diet. This flour was treated with 
nitrogen trichloride at commercial levels com- 
monly used by the milling industry .t 

The following ration was used: flour 30, 
sucrose 49, casein 10, corn 'oil 5, salts IV 4, 
whole liver substance 2. Oral supplements of 
0.75 mg thiamine, 0.75 mg riboflavin, 0.5 mg 
pyridoxine, 0.25 mg pantothenic acid, 1 mg 
nicotinic acid and 70 mg choline per kilo of 
body weight and 6 drops of halibut liver oil 
were administered twice weekly. Three dogs, 
19, 23 and 30), were placed on ration F-89 
which contained flour treated with 1.2 g nitro- 
gen trichloride and 7 g benzoyl peroxide^ per 
cwt. of flour. Two other dogs, (241 and 

t We ate indebted to Dr. H. K. Parker of Wal- 
lace and Tiernan Company for the flours used in 
these experiments. 
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Dogs Fed Normally Agenized Flour 


244), were started on ration F-89A which 
contained flour treated mth 2.25 g of nitro- 
gen trichloride and 7 g of benz 03 d peroxide^ 
per cwt. of flour. 

Dogs 19 and 23 have been on ration F-89 
for 63 weeks (14^ months) and dog 30 has 
been fed the same ration for 55 weeks (12)4 
months); Dogs 241 and 244 have been fed 
ration F-89A which contains 30^ flour treated 
with the higher level of nitrogen trichloride, 
for 52 weeks (12 months). All of these ani- 
mals have eaten well, gained weight and 
remained healthy. At no time has there ever 
been any indication of running fits or epilep- 
tiform convulsions. 

Before this experiment was begun charac- 
teristic electroencephalographic brain wave 
patterns (E.E.G.s) of dogs 19, 23 and 30 
were obtained.^ Four tantalum electrodes 
were implanted into the skull above the dura 
of each animal in the manner described by 



I 


I SECOND 


50 /a.v. 


Fig. 1. 

A— Control electroencephalogram of dog 30 l>e> 
fore experiment, 

B Electroencephalogram of dog 30 after 

months on a ration n'hich contained 30% of com- 
mercially agenized flour. 


Newell et alP Normal E.E.G. records were 
obtained for each of these animals. Six to 
8 months after these e.xperiments started 
tantalum electrodes were implanted in all 
5 dogs. A week later several E.E.G. records 
were taken and all the animals showed normal 
electroencephalograms . In Fig. 1 short sec- 

t Previous tests liave shown l)enzoyl rcroxidc 
bleached flour to bo ineffective in producing fits.^ 

{ We wish to express our thanks to Dr. Heiirr 
JI. Suckle for his assistance in some of the ex- 


periments. 

5 Xcwell, G. K 
and Elvchjem, C. A. 


rickson, T. C., Gilson, W. E., 
, Proc. Soc. Exp. Biol, ano 


Meo., 1947, 05, 115. 


tions of the record from one electrode lead of 
dog 30, characteristic of the entire record of 
this dog and of the other dogs, are presented 
to show the similaritj^ of the E.E.G.S before 
the feeding tests began and during the period 
of testing. Previous experiments, in which dogs 
have received flour or wheat gluten treated 
AAUth high levels of nitrogen trichloride, have 
consistently showed abnormal changes in the 
E.E.G. records da 5 ^s before running fits or 
epileptiform convulsions developed.'* If any 
abnormalities had developed in the brain 
metabolism or physiology of the dogs fed 
rations containing 30% of flour treated with 
agene at commercial levels, significant changes 
in the E.E.G. records should have been readily 
observed. 

It is interesting to note here that the flour 
used in these experiments when fed to dogs 
at 84% of the ration, regularly caused run- 
ning fits and convulsions in 11-62 days.*^ This 
difference in flour intake suggests that there 
is a tolerance level in the dog below which 
the toxic factor produced b}^ nitrogen tri- 
chloride treatment is metabolized or excreted 
but above which the toxic material accumu- 
lates in the animal producing the characteris- 
tic convulsive condition. When higher levels 
of nitrogen trichloride are used to treat flour, 
smaller amounts of flour induce the convul- 
sions. Radomski et al.^' have recentl}'^ shoum 
that dogs fed 0.1 g of nitrogen trichloride 
treated wheat gluten (6 g NCla/kg gluten) 
per kilo of body weight per day did not de- 
velop running fits. These authors translate 
their results to mean that a dog could con- 
sume 25% of his ration in the form of com- 
mercially treated flour (1.5 g XCl^/cwt.) 
without developing fits. 

Summary. These results demonstrate that 
dogs can be fed a ration containing moderate 
levels (30%) of commercial!}’’ agenized flour 
for long periods of time (12-14^2 months) 
without developing running fits or elect n>. 
encephalographic abnormalities. 

OKndoniski, J. L., Wood/inl. O., noil .lohnslon, 
C. B., /’Vd. Proc.f Abstracts^ I9IS, 
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Lipotropic Effect of Liver Extract on Dietary Hepatic Injury in Rats. 

Charles A. Hall^ and Victor A. Drill.^ . 

From ili€ Bcvarimait of FharmacoJogy, Talc University School of Medicine, Xeiv Haven, Conn. 


Many different supplements have been 
studied^ for their effect in preventing liver in- 
jurv' produced by dietary means. The possible 
effect of liver extract, however, has received 
little attention. Rhoads and jMiller^ observed 
that liver extract only partially restored to 
normal the abnormal liver function produced 
by a black-tongue diet in dogs. Gydrgy and 
Goldblatt- studied the effectiveness of a liver 
concentrate in preventing dietary cirrhosis 
in rats and concluded that the “liver extract 
was completely ineffective in preventing he- 
patic injury’’. Gillman and Gillman^ reported 
that liver extract had some lipotropic effect 
on the fatty livers of infants with pellagra. 
In view of the lack of experimental data on 
the effect of liver extract on ex'perimental 
dietary liver disease, it was felt that further 
studies should be made. 

Methods. Male rats of the Sprague Daw- 
ley strain, weighing between 150 and 170 g 
were used. All animals received food ad libi- 
tum. Five animals of each group were housed 
in individual cages, and their daily food in- 
take was measured. The diet selected was 
one recently used by Himsworth and Glynn^ 
which is high in fat but not low in protein 

* This investigation was supported (in part) by 
a research grant from the Division of Research 
Grants and Fellowships of the National Institute 
of Health, United States Public Health Seiwice, 
and by a grant from Eli Lilly and Company. 

t Post-War Fellow, Rockefeller Foundation, 
1947-1948. 

X Present address: Department of Physiology’ 
and Pharmacology, Wayne University College of 
Medicine, Detroit, Mich, 

^Blioads, C. P., and Miller, D. K., J. Exp. Med., 
1938, <57, 463. 

2 Gyorgy, P., and Goldblatt, II., J. Exp. Med., 
1942, 75, 355. 

3 Gillmnn, T., and Gillman, J., Arch. hit. Med., 
1945, 7C, 03. 

< Himsworth, H, P., and Glynn, L. E., Clin. 
Scic}tce, 1944, 5, 93. 


and which produced fatty^ changes followed 
by fibrosis. The diet consisted of 16^ 
casein, 51% lard, 30% cornstarch, and 3% 
salt mixture. Vitamins A and D tvere supn 
plied by adding 5 drops of oleum percomor- 
phum^ per kilo of diet to the melted lard 
as the diet was prepared. Each rat received 
a daily oral supply^’ of the B vitamins as fol- 
lows: thiamin, 20 pg; riboflavin, 25 fxg] pyri- 
doxine, 20 pg; calcium pantothenate, 100 ^g. 
One group of 13 rats received the basic diet 
alone. The second group of 10 rats received 
a supplement of 1 cc of Lilly’s Crude Liver 
Extract^ (1 unit per cc) 3 times a week 
subcu^aneously^ A third group of 10 animals 
received 40 mg of choline chloride daily given 
subcutaneously^ in a 4% solution. 

After 12 to 13 weeks of the study, a liver 
biopsy was performed on the 5 animals in 
each group in the individual cages. The 
biopsy was carried out by laparotomy^ under 
ether anesthesia, and tissue was taken from 
the edge of the left lobe. At 22 weeks a sec- 
ond biopsy was performed on the same animals 
in a similar manner. At 29 weeks all sur- 
viving animals were killed, and sections were 
taken for histological examination from the 
left lobe and the caudate lobe of the liver. 
The system of grading histological changes 
is listed with Table 1. All liver sections were 
stained with hematoxylin and eosin. In ad- 
dition, for half of the animals in each group, 
frozen sections were made and stained with 
Sudan III. The remaining liver was analyzed 
for total lipids by a modification of the 

^ The authors ulsh to thank Dr. K. K. Chen of 
Eli Lilly and Company for the Liver Extract and 
Dr. C. E. Bills of Mead Johnson and Company for 
the Oleum Pereomorphum. Each cubic centimeter 
of liver extract contained: TJiiamin, 2.0-4.O 
Riboflavin, 45.0'60.0 ^g; Pantothenic acid, 45.0- 
60.0 fig; Nicotinic acid, 100.0-140.0 peg; Folic 
acid, 2.0-3.8 fig; Methionine, 3.0 fig; and Choline, 
1.0-l.G fig. Total solids, 10-18%. 
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Dogs Fed NoR^^ALLY Agenized Flour 


244), were started on ration F-89A which 
contained flour treated with 2.25 g of nitro- 
gen trichloride and 7 g of benzoyl peroxide+ 
per cwt. of flour. 

Dogs 19 and 23 have been on ration F-89 
for 63 weeks (14j^ months) and dog 30 has 
been fed the same ration for 55 weeks (12}4 
months).’ Dogs 241 and 244 have been fed 
ration F-89A which contains 30% flour treated 
with the higher level of nitrogen trichloride^ 
for 52 weeks (12 months). All of these ani- 
mals have eaten well, gained weight and 
remained healthy. At no time has there ever 
been any indication of running fits or epilep- 
tiform convulsions. 

Before this experiment was begun charac- 
teristic electroencephalographic brain wave 
patterns (E.E.G.s) of dogs 19, 23 and 30 
were obtained.^ Four tantalum electrodes 
were implanted into the skull above the dura 
of each animal in the manner described by 



Fig. 1. 

A— Control eleetroenceplialogram of dog 30 be- 
fore experiment. 

B— Eleetrocneephalogram of dog 30 after 6 Ai 
months on a ration whicli contained 30% of com- 
mercially agenized fionr. 


Newell et al? Normal E.E.G. records were 
obtained for each of these animals. Si.v to 
8 months after these experiments started 
tantalum electrodes were implanted in all 
S dogs. A week later several E.E.G. records 
were taken and all the animals showed normal 
electroencephalograms. In Fig. 1 short sec- 


{ Previous tests have sliown benzoyl pero-Xide 
ble.-iclied flour to be inefTectivc in iirodueing fits--* 
$ Wo ivisii to express our thanks to Dr. Henry 
JI. Suckle for ids assistance in some of tlie ex- 

a. w., EH,..™, T. a, W. E 
and EMJaai, C. A., Pane. Soc. Eo- Bioa- 


1947, 65, 115. 


tions of the record from one electrode lead of 
dog 30, characteristic of the entire record of 
this dog and of the other dogs, are presented 
to show the similarit}’’ of the E.E.G. s before 
the feeding tests began and during the period 
of testing. Previous experiments, in which dogs 
have received flour or \vheat gluten treated 
with high levels of nitrogen trichloride, have 
consistently showed abnormal changes in the 
E.E.G. records da3^s before running fits or 
epileptiform convulsions developed.^’ If any 
abnormalities had developed in the brain 
metabolism or physiolog}^ of the dogs fed 
rations containing 30% of flour treated with 
agene at commercial levels, significant changes 
in the E.E.G, records should have been readily 
observed. 

It is interesting to note here that the flour 
used in these experiments when fed to dogs 
at 84% of the ration, regularly caused run- 
ning fits and’ convulsions in 11-62 dai’S.** This 
difference in flour intake suggests that there 
is a tolerance level in the dog below which 
the toxic factor produced by nitrogen tri- 
chloride treatment is metabolized or excreted 
but above which the toxic material accumu- 
lates in the animal producing the characteris- 
tic convulsive condition. When higher levels 
of nitrogen trichloride are used to treat flour, 
smaller amounts of flour induce the convul- 
sions. Radomski c/ a/S' have recentl}'’ shown 
that dogs fed 0.1 g of nitrogen trichloride 
treated wheat gluten (6 g NCin/kg gluten) 
per kilo of body weight per day did not de- 
velop running fits. These authors translate 
their results to mean that a dog could con- 
sume 25% of his ration in the form of com- 
mercialh’ treated flour (1.5 g XCla/cwt.) 
without developing fits. 

5ww;;/Grv. These results demonstrate that 
dogs can be fed a ration containing moderate 
levels (30%) of commercial!}^ agenized flour 
for long periods of time (12-14^ months) 
without developing running fits or elect ro- 
encephalographic abnormalities. 

^ Radomski, J. L., Woodard, G., and doiinston, 

C. D., Pror.. .ibsfnicfs, J.04S, 7, tlotj. 
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method of Outhouse and Forbes.^ 

Results. The untreated animals fed the 
high-fat diet showed a marked increase in 
liver fat histologically, whereas treatment 
with liver extract or choline prevented the 
fatty changes in the liver (Table I). As 
indicated in Table I several animals died 
prior to the 29th week, generally from liver 
injur}’ associated with infection. 

In the untreated animals the change ob- 
ser\’ed at the first biopsy ^Yas a marked in- 
filtration with large fat droplets which almost 
completely filled the hepatic cells, pushing 
the nucleus and remaining cytoplasm into a 
narrow rim. The end result seen in the au- 
topsy sections w'as a trabeculation of the entire 
liver with strands of fibrous tissue dividing 
the liver into sections smaller than the normal 
lobule. Large, isolated, fat-free hepatic cells 
with heavily staining cytoplasm and one or 
two large, dark staining nuclei w’ere occasional- 
ly seen enmeshed in the fibrous strands. The 
progressive nature of the fibrosis in the un- 
treated animals may be observed in* the data 

Table I. The fibrosis was never present 
unless there w*as also a marked fatty change. 
In following those animals with marked fatty 
change and fibrosis through biopsies to au- 
topsy it W’as observed that as the fibrosis 
increased there was a slight decrease in the 
amount of fat in the cells. 

The animals treated with liver extract or 
choline did not show” any fatty change in the 
loft lobe of the liver at the first or second 
biopsy or at autopsy. How”ever, in a few of the 
animals in these groups additional examina- 
fion of the caudate lobe at necropsy showred 
^slight (1-^) fatty change (Table I). 
How'ever, this is a normal variation between 
ubes of the liver as other animals fed a 
uormal diet of 16% casein, 6% fat, 75% 
corn starch, and 3% salt mixture showed a 
similar variation betw”een left and caudate 
lobes in some cases. 

The results of the lipid determinations are 
Table II. The untreated animals 
show’ed a definite increase in lipid concentra- 


5 Outhouse, E. L., and Eorbcs, J. Lai). 

and Clin. J/ed., 1940, 25, 1157. 


TABLE IT. 

Total Liver Lipids in 9c of IVet Weight. 


Basic Diet 

Liver Extract 

Choline 

Rat No. 

% Fat 

Rat No. 

% Fat 

/ 

Rat No. 

% Fat 

1 

27.3 

14 

8.5 

24 

8.9 

0 

25.8 

15 

10.4 

25 

6.2 

3 

18.2 

16 

7.5 

26 

7.6 

4 

27.1 

17 

0.4 

27 

7.4 

5 

20.1 

IS 

7.1 

28 

8.3 

6 

14.3 

20 

11.9 

30 

8.3 

8 

20.4 

21 

9.2 

31 

10.2 

12 

15.1 

00 

11.2 

32 

5.4 

13 

15.9 

23 

7.4 

33 

3.9 

Mean 

20.50 


8.84 


7.36 

S.E. 

±1.72 


±.65 


-h.64 


tion. Treatment w’ith liver extract or choline 
prevented the increase in liver lipids, and the 
resulting concentration of lipids in these 

animals are in the same range as rats fed a 
normal low*-fat diet (16% casein-6% fat). 
Lipid determinations w^ere not performed on 
the animals that died early in the experiment 
or w*ho show”ed postmortem changes. 

Discusstoft. Previous investigators have 

produced similar hepatic lesions of fatty 

change and fibrosis in rats by dietary” 
means.^'^ Others have produced a dietary” 

injury” consisting of fatty” change, fibrosis, and 
necrosis-’^*'*® Necrosis w’as not obser\”ed in 
any of the animals in the present study”. All 
of the diets that have produced necrosis dif- 
fer from that used here in several aspects. 
An important difference that is usually asso- 
ciated with the occurrence of necrosis is the 
use of diets w”hich are low” in protein, gen- 
erally ranging from 6% to 10% protein. 
In the present study” the diet contained 16% 
protein. 

The supplement of choline prevented both 
the infiltration of the liver w”ith fat and the 
fibrosis w”hich follow”ed the fatty change in 
untreated animals. This lipotropic effect of 
choline is w'ell know”n, but a lipotropic effect 
of liver extract as obtained in the present 
study”, has not been reported previously. 

Gyorgy” and Goldblatt- studied the effect 
of daily doses of 0.2 g of a liver concentrate 

CBlumberg, H., and Grady, H. G., Arch. Path., 
1942, 34, 1035. 

7 Handler, P., and Dubin, I. K., J. Xutrition, 
194G, 31, 141. 

8 Webster, G. T., J. Clin. Invest., 1942, 21, 385. 
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lUstological Clmngeg in Liver nt Biopsy nucl Nccrops3\ ^ 

Basic diet Liver extract Choiino 
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Failure of Splenectomized Rabbits to 'Respond to Liver Extract and to 

Pteroylglutamic Acid.^ 

Edgar Jones, J. L. Wyatt, and E. W. Ewers. 

From the Department of ^CcclicinCf Vanderbilt Vniversiiy School of Medicine, 


Jacobson and Williams’*^ reported that 
splenectomized rabbits responded to the ad- 
ministration of several materials with an 
increase in reticulocytes. Liver extracts ef- 
fective in the treatment of pernicious anemia, 
synthetic xanthopterin, leucopterin and the 
pigment derived from fused uric acid caused 
reticulocytosis in their animals. Clinically 
inactive liver extracts as well as a number 
of unrelated materials failed to evoke a re- 
sponse. Substances inducing reticulocyte in- 
creases were effective when given either intra- 
muscularly, intravenously or orally. Based 
on a large number of control counts it was 
concluded that any reticulocyte value ex- 
ceeding following administration of a 

trial material indicated hemopoietic activity 
of that material. It is to be noted that none 
of their animals was anemic at any time 
during the period of observation. 

The nature of the materials found effec- 
tive by these authors stimulated us to test 
in a similar fashion the newly synthesized 
pteroylglutamic acid (PGA)^ which had been 
found to be effective in the treatment of the 
macrocytic anemia of sprue^ and in pernicious 
anemia." 

* This work was supported by a grant from The 
National Vitamin Foundation. 

1 Jacobson, W., and Williams, S. M., J. Path. 
Bad., 1945, 57, 101. 

‘•i Ihid., 1945, 57, 423. 

3 Angier, H. B., Boothe, J. II., Hutchings, B. L., 
Mowat, J. H., Semb, J., Stokstad, E. L. R., Subba- 
Row, Y., Waller, C. W., Cosulich, B. B., Fahren- 
bach, M. J., Ilultquist, M. E., I^uh, E., Northey, 
E. H., Sceger, D. R., Sickels, J. P., and Smith, 
J. H., Jr., Science, 1945, 102, 227. 

Darby, W. J., and Jones, E., Proc. Soc. Exp. 
Biol, and Med., 1945, CO, 259. 

Moore, C. V., Bierbaum, 0. S., Welch, A. D,, 
and Wright, L. D., J. Lah. and Clin. Med., 1945, 
30, 105C. 


Procedure. Nine adult white rabbits were 
used. The animals were fed Purina rabbit 
chow exclusively throughout the period of 
experimentation. Eight were males. The 
spleen was removed from 6 of these animals; 
the remaining 3 served as normal controls. 
Of the 6 splenectomized rabbits 4 were 
treated and 2 were followed as splenectomized 
controls. There was very little loss of blood 
from operation. However, to avoid reticulo- 
cyte increases owing to blood loss, 3 weeks 
were allowed to pass following operation be- 
fore any trial material was given. Pre- 
operative and post-operative red blood cell 
counts and determinations of hemoglobin 
indicated no anemia by standards reported for 
rabbits.*^ 

Rabbits No. 1 and 2 (splenectomized) were 
given 5 mg of PGA intramuscularly on 4 oc- 
casions over a period of 8 days. Rabbits 
No. 3 and 10 (splenectomized) were given 
5 units of liver extract (Wilson) intramus- 
cularly on 3 occasions over a period of 7 
days. No reticulocyte increases having oc- 
curred by 10 days following the last injec- 
tion of a series the animals were re- treated 
after a rest period of 10 days. Animals No. 
1 and 2 were given 20 mg of PG.A intramuscu- 
larly on 3 occasions within a 5 day period. 
Rabbits No. 3 and 10 were given 20 units 
of liver extract (Wilson) intramuscularly on 
3 occasions over a period of 5 days. No 
reticulocyte responses having followed, liver 
extract and PGA were then given into the 
stomach by means of a tube. Animals No. 
1 and 3 were given 50 units of liver extract 
(Wilson) by tube on 3 occasions over a 
period of 7 days. Animals Nos. 2 and 10 
were given 10 mg of PGA by tube on 3 
occasions over a 7 day period. 

oWintrobe, M. M., Shmnacker, II. B., Jr., aiul 
Sclimidt, W. J., Am. J. Physiol., 1936, 114, 502. 
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. ;rABLE HI. 

Average Intakes of Pood, Protein, and Calorics. 

Food Protein Protein G Calories Calories 

Treatment g/rat g/rat per 100 g rat per rat per 100 g rat 

Basic diet 7.2 1.15 0.5G 4C.3 22.4 

Liver extr. 8.0 1.2S 0.54 51,(5 21.0 

Choline 9.1 1.45 0.55 58.5 22.1 


in preventing the hepatic injury of fatty 
change, cirrhosis ancj necrosis produced in 
rats by a low-protein, high-fat diet. They 
concluded that the liver extract failed to pre- 
vent the induced liver injury. Either the 
differences in the types of injury produced, 
or in the liver concentrate used Gyorgy 
and Goldblatt ma}^ be responsible for the 
lack of effect of their concentrate as com- 
pared with the beneficial effect of liver ex- 
tract in the present study. The animals 
in the present study received on the basis 
of total solids the equivalent of 0.51 g of 
powdered liver No. 343 per rat per week 
as compared to the 1.4 g of concentrate 
used by Gyorgy and Goldblatt. 

The effect of the liver extract does not 
appear to be due to an increase in protein 
intake resulting from stimulation of the ap- 
petite by the liver. The protein intake per 
rat was only slightly higher in the liver- 
treated group as compared to the untreated 
group, and the protein intake per 100 g of 
rat weight was the same in both groups 
(Table III). A group of animals not in- 
cluded in this report were given the basic 
diet with an additional 8% casein. This 
resulted in an average protein intake per rat 
of 2.12 g per day, and a protein intake of 
0.79 g per 100 g of rat weight per day. 
Even with this protein intake, which is con- 
siderably above that of the liver extract and 
choline treated animals, all of these animals 
showed a 1-f or 2+ infiltration with fat. 

The clioline content of the liver extract 
is not responsible for its effectiveness. The 
liver extract used contained 1.0- 1.6 mg of 
choline per cubic centimeter, and therefore 


each rat received only 0.56 mg of choline a 
day. Other data in the literature show that 
larger amounts of choline are necessary to 
prevent dietary lesions in the liver. The 
lowest effective dose used was that of Baft, 
Sebrell and Lillie^ who found that a dietary 
supplement of 20 mg of choline protected 
against the lesion produced by a 4 fo protein- 
5% fat diet. Himsworth and Glynn^ found 
that the fat content of the liver was normal 
at 34 days, if 4 mg of choline daily was used 
as a supplement to a diet containing 8% 
protein and 50% fat; but abnormal amounts 
of fat were present at 66 days in spite of 
continued choline administration. Further- 
more, other supplements which will be re- 
ported in detail later, and which failed to 
prevent the fatty change, had a higher con- 
tent of choline than the liver extract. It is 
possible that the liver extract contains an 
unknown lipotropic substance. 

Sumviar\\ 1. Rats fed a 16% casein, 
51% fat diet for 29 weeks all developed 
markedly fatt}’' livers. Nearly all of the 
animals showed a diffuse, progressive hepatic 
fibrosis. 

2. The fatty change and fibrosis were com- 
pletel}’’ prevented b}^ supplementing the high- 
fat diet with choline, or with crude liver 
extract. 

3. The lipotropic effect of the liver extract 
is not due to an increase in protein intake 
resulting from a stimulation of appetite, and 
is not due to the small amcjnt of choline 
present in the liver extract. 

0 Daft, F. S., .Sfbrell, W. II., and LilHo, U. D., 
Pjioc. Soa Exp, Bior*. Mm, 19^1, 48, 22S. 
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tered with anti-M agglutinins produced ap- 
parently as a result of transfusions of type 
M blood into type N individuals. Wiener 
and Forer'^ reported a case in which a 
woman had hemolytic reactions following 
blood transfusions, and difficulty was encoun- 
tered in finding a completely compatible blood 
in cross-matching tests. On testing the blood 
of the patient, these investigators found her 
blood to belong to group 0, type N, Rh- 
negative, while her serum contained anti-M 
and anti-Rh agglutinins. Broman^ has re- 
ported a hemolytic transfusion reaction caused 
by jM sensitization. 

In analyzing our cases of Rh sensitization, 
we found that the spacing of injections was 
far more important in bringing about isosensi- 
tizalion than the quantity of antigen intro- 
duced into the body.'" In fact, we have ap- 
plied this principle successfully in devising a 
simple method of producing anti-Rh serum 
in normal male type rh donors.^ While these 
investigations on the preparation of anti-Rh 
sera were being carried out, some observations 
were made on the isosensitization of normal 
male individuals to the M agglutinogen. The 
purpose of this paper is to describe these 
observations. 

Case L This group AB, type rh volunteer 
was given repeated intravenous injections of 
2 cc each of whole Rh-positive blood diluted 
to 5 cc with sodium citrate solution. The 
first (priming) injection was given in October 
1946. The second injection, or first “stimu- 
lating” injection, was given in the middle 
of February J947. Ten days later the donor^s 
serum was found to contain univalent Rho 
antibodies (Rh^ glutinins) of 50 units titer 
by the plasma conglutination method, together 
with weak anti-rh" agglutinins. Since the 
titer was not high enough to yield a usable 
serum, the donor was not bled at that time, 
and a second stimulating injection was given 

3 Wiener, A. S., and Forer, S., Pfioc. Soc. EXP. 
Biou. AKD Mxn., 1941, 47, 215. 

4 Broman, B., Acta Vaediat,, 1944, 31, supp. 2. 

^ linger, L. J., and Wiener, A. S., Am. Clin. 

Path., 1945, 15, 280. 

Wiener, A. S., and Sonn-Gordon, E. B., Am. J. 
Clin, Path., 1947, 17, 07. 


2 months later. After this injection the Rho 
glutinin titer was found to be 85 units by the 
plasma conglutination method, while the anti- 
rh" agglutinin titer rose to 20 units. At this 
time, we also detected in the volunteer's serum 
a weak agglutinin reacting with Rh-negative 
blood but not with the donor’s own blood cells. 
The donor was given a fourth injection of 2 
months later, after which the anti-Rho glu- 
tinfn titer was 512 units by the albumin-plas- 
ma method, while the anti-rh" agglutinin liter 
proved to be 40 units. Again the presence 
of a third antibody reacting with type rh blood 
was noted, and it was decided to investigate 
the nature of the third antibody. 

Titrations showed the third antibody to 
be an agglutinin of 3 units titer, approximate- 
ly equally active at body, room and refrigera- 
tor temperatures. Tests were set up against a 
series of 28 blood samples of type rh and 
type Rhi, but otherwise unselected, by the 
agglutination method at room temperature.* 
Of the 28 bloods tested, only 2 gave negative 
reactions, besides the volunteer’s own blood. 
One of the negatively reacting blood samples 
belonged to type ONRhirh and the other to 
type BNrh. Since these 2 blood samples were 
the only ones in the series besides the volun- 
teer’s which belonged to type N, this sug- 
gested that we were dealing with an anti-M 
immune agglutinin. In fact, further tests 
proved that all type N bloods of types Rhi 
and rh were not agglutinated by the serum, 
while all other bloods were agglutinated, con- 
firming the diagnosis of anti-M as the specifi- 
city of the antibody. 

For subsequent stimulating injectings only 
type N, Rh-positive blood was used, and as 
shown in Table I, later bleedings obtained 
from this volunteer contained no demonstra- 
ble M antibodies. ' 

Case 11. The second volunteer, also group 
AB and type rh, has not been studied as 
intensively as the first one. Unlike the first 
volunteer, this individual produced a potent 

* Tl)c Blio glutinin in tlie scrum did not clump 
tjT)e Bill bloods under tliese conditions. Bloods of 
types BI 12 nnd BlijBho could not be used in these 
tests because of the anti-rir agglutinin in the 
serum. 
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With feiv exceptions dally reticuIoc 3 '‘te 
counts were made on the 4 splenectomized 
animals throughout the entire periods fol- 
lowing the first treatment. These periods 
covered approximately 7 weeks. Splenecto- 
mized and normal controls were followed with 
practically’' daily reticulocyte counts over a 
period of 3 weeks from the beginning of the 
experiment. The wet technic for counting 
reticulocytes was employed using brilliant 
cresyl blue dy’e. One thousand cells were 
counted on each determination. The same 
3 observers made all counts. The liver ex- 
tract used was known to be potent in the 
treatment of pernicious anemia. 

Results. No significant increase in reti- 
culocytes was noted in any of the animals 
which has been splenectomized and adequately 
treated with either liver extract or PGA. The 
norma] controls showed reticulocyte ranges 
from .6 to 5.3%; the splenectomized controls 
showed ranges of 1.3 to 4.8%; the animals 
treated showed ranges of .7 to 5.2%, the 
values bearing no relation to material ad- 
ministered. Chart 1 shows the reticulocyte 
range of a normal control animal. Chart 2 
shoivs the range of a splenectomized control. 
No charts are shown for rabbits treated since 
the reticulocyte ranges of these animals dif- 
fered in no respects from those shown. The 
reticulocyte ranges given were e.xperienced 


CONTROL 

(NOT OPeRATED ON) RABBIT ^ li 

Splenectomized control 




Tp-rrumqirii j 

27 I 6 II 
AUGUST 


by practically all of the animals used, regard- 
less of group.' No trend in any direction was 
noted in the case of a single animal. 

Couduswus, Splenectomized white rab- 
bits showed no significant change in percentage 
of reticulocytes folIo^^dng oral and parenteral 
administration of either pteroylglutamic acid 
or of liver extract effective in pernicious 
anemia. Greater variations were found in 
daily reticulocyte counts, both in controls and 
in splenectomized animals, than were reported 
by Jacobson and Williams. 
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Observations on Isosensitization to the M Agglutinogen in Man. 
Alexander S. Wiener, Eve B. Gordon, and C. A. jMazzarino. 

From the Serological Lahoratorg, OtJicc of the Chief Medical FTa7nincr, Xcto Tori- Citg. 


It is generally considered that the agglu- 
tinogens M and N can be disregarded M^hen 
selecting donors for blood transfusion therapy. 
While this is true for patients requiring only 
a single transfusion, or multiple transfusions 
within a short space of time, in cases where 
^^everal transfusions spaced over a long period 
of time (months or years) are required, one 
must take into account the possibility of 
iso^ensitizalion to the U agglutinogen as well 


as the Rh factor. 

Onh' a relatively^ small number of cases 
have been reported of type N individuals with 
natural anfi-M agglutinins in their sera.*-- 
In addition, a few cases have been cncoiin- 

1 Wiener, A. S., Flood Groups and TransfuMon^ 
Srd c(L> p. eia, C. C. Thomas, SprlnpCwhl in., 

- Unger, L. .T., Wiener, A. S., •Sonri, E. 

Am. J* Clin. Path., 1 , 040 , 10 . 40 . 
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TABLE II. 


Analngirs Among the A-B-O^ M-X, and Rh-IIr Systems of Blood Factors.* 


System^ 

Major agglutinogens 
(More antigenic) 

Minor agglutinogens 
(Less antigenic) 

A-B-0 

A, B, A„ CM 

0 ( Ao) t 

M-N 

M 

N 

Rh-IIr 

BIi,,, rir, rh" 

Hr„, hr', hr" 


* For simplicity the rare a^j^lutiiinpens A;{, Nn, rli"', etc., are not included in this table, 
f The factor C is shared by bloods containing agglutinogens Aj, E. or both. 
t The factor 0 (Am) is shared by agglutinogens O and Am, but absent from agglutinogen*^ 
Aj and B, 


TABI.E III. 

Allelic Belationships Amon g the Landsteiner Blood Groups and Subgroups. 
Bcaction with scrums 


C-0 Anti'AijB Anti-Ao-O 

genotA'pes (Anti-C) (Anti-O) 


Blood groups 


Phenotypes 


Genoty|)es 


CC + — Ai.B,AiB A^Ai, BB, and AjB 

CO + 4- Aj^B^andAoB A^O, AjAo, BO, and AoB 

00 — 4" O, Ao OO, AmAo, and AoO 


DeKromme and Van der Spek^^^ also seems 
to be an example of natural anti-N rather 
immune anti-N, as claimed by these ^Yorke^s, 
considering that their abnormal antibody had 
the properties of a cold agglutinin. 

As is well known, in the Rh-Hr s^'stem, the 
Rh and Hr agglutinogens are related to one 
another serologically and genetically like the 
M and N agglutinogens.’ Of the Rh-Hr 
agglutinogens, the Rh factors are the more 
potent antigens and thus correspond to the 
agglutinogens AI in the M-X system, while 
the Hr factors are the less potent antigens and 
correspond to the agglutinogen X (cf. table 
II). That similar relationships also exist in 

DeKromme. L., and Van der Spek, L. A. M., 
Brii, Med. J., 1948, 1, 043. 


the A-B-0 groups is demonstrated in Table 
II and Table III. 

Summary. Two cases are described in 
which type X individuals produced anti-AI 
agglutinins following injections at widely 
spaced intervals of blood containing the M 
agglutinogen. On the basis of these and other 
observations, it is pointed out that tv'pe X 
patiants requiring a series of transfusions at 
wide intervals should be transfused only with 
type X blood, if isosensitization and conse- 
quent transfusion reactions are to be avoided. 
Genetic and serologic analogies among the 
A-B-0, M-X and Rh-Hr s3^stems of blood 
factors are pointed out. Evidence is cited to 
show that the factors in each system fall 
naturally into two major subdivisions. 
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Cure of Ulcerative Cecitis of Rats by Streptomycin. 

Arthur L. BbOo.MjTRLr) and Wtt.liam Lew. 

From Ihe Dcpnrtmfni of .Uedtcirif:, HI nn ford l/iiivrrHify School of Medicine, Han Francisco, 

California. 

Ulcerative cecitis of nits is a disea.se of rat colony, e.xperimental work carried out 
considerable importance from two .stjind' wifh the affected animals becomes confused, 
points, hirst of all, when prevalent in a and incorrect conclusions may be drawn! 
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anti-Rho agglutinin of 640 units after the 
first stimulating injection. Following a second 
stimulating injection about 6 months later, 
the Rho agglutinin titer was 70 units but 
there were also Rho glutinins of a titer of 192 
units by the albumin-plasma method, as well 
as an additional agglutinin of S units titer 
which reacted with tj'pe rh blood cells. Speci- 
ficity tests proved the third antibody to be 
an anti-M immune agglutinin; 

Covwioit. The observations just described 
demonstrate the necessit}’ of administering 
only type N blood to type N patients re- 
quiring a series of transfusions at widely 
spaced intervals. When injections are spaced 
at sufficiently wide inter\^als, the agglutinogen 
M seems to be a fairly good antigen for 
individuals of type N. This was well illus- 
trated by a case concerning which we were 
consulted several years ago, because of diffi- 
culty encountered in the cross-matching tests. 
This we found to be due to an anti-M im- 
mune agglutinin which was active in dilutions 
as high as 1:256 at bod\^ temperature. On 
the other hand, the agglutinogen appears 
to be a weak antigen for individuals to Upe 
M. Only a single convincing case of isosensi- 
tization to the A" agglutinogen has been re- 
ported" in the literature and this involved 
a patient with an extraordinary capacity to 
produce antibodies, who in response to a series 
of transfusions formed in succession antibodies 
specific for factor hr, A% and 3 previously 
undescribed agglutinogens. 

With regard to the previous report by 
Singer® claiming isosensitization to the N 
agglutinogen by transfusion, only a few bloods 
were tested ndth the patient^s serum and this 
is not adequate to establish the specificity of 
an abnormal antibody. Xatural anti- A- agglu- 
tinins were found b\^ the late G. L. Taylor 
in one case (cited by Callender and Race") 
and another such example was reported by 
AHott and Holman.*' The case reported by 

7 CiJncndcr, A. T., and Knee, K. K., •inn. 

1P46, 102. 

J^Sinper, K., MtiL J. Just., 2P, 

(» Allott, K. N., and Ilolnjan. C. A.. Lonrrt, KM7, 

S, 130. 
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TABLE IL 

Cecal Lesions Before and After Streptomycin Tligrnpy. 

Appearance at autopsy May 20 after streptomycin for 
Eat No. Aijpearance at laparotomy May 11 9 days 


75275 Mass 1.5 cm ^vith large glands and 
adherent omentum 

75213 Mass 0.5 cm. Small adherent glands. 

7400 Cecum itself is soft, but there is an 
adjacent mass of glands and 
cysts 1.5 cm in diameter 

•74039 ^lass 1.5 cm 'with large glands and 
cyst 0.5 cm. Much matting 

74258 A 2 cm adherent mass of cysts and 
glands 

75536 1.5 cm mass of glands and cysts 

75775 1.5 cm mass 'with glands and cysts. 

Omentum adherent 

76191 Great pericecal adhesions 'with cyst 
and small mass in cecum 

76199 Mass 0.5 cm with adherent omen- 
turn and glands 

77435 Huge mass nearly 3 cm in diam- 
eter. Everything matted and ad- 
herent 

76498 0.5 cm adherent mass of glands and 

cysts 


Cecum slightly thickened. No open ulcer in cecum. 

A little thickening of tissues at hilum. Mass is gone. 
A tiny hard gland at hilum. Mucosa seems a little 
thickened. No ulcer 

Small cecum with adhesions and tiny remains of a 
gland- Mucosa slightly thickened — no ulcer 

A small mass of firm white glands in hilum. Adhesions 
to omentum. !Mucosa seems thickened but no ulcer 
Mass gone. Adhesions. Mucosa seems slightly thick- 
ened. No ulcer 

Cecum practically normal but thickening and adhesions 
at hilum with a small cyst containing fluid 
!Mucosa normal. Some scarring and adhesions outside 
with small hard hilar nodes 
Cecum scarred and adherent. A large cyst containing 
fluid. Mucosa slightly thickened — no ulcer 
Pericecal adhesions. Mucosa normal — no ulcer 

Eemarkable resolution. Many adhesions but no glands. 
Mucosa much thickened. A gray area nearly 1 cm 
in diameter marks remains of what must have been 
a large encrusted ulcer before treatment 
No Sircptomyciiu Thickened adherent cecum. Huge 
2x2 cm typical green ulcer in usual situation in 
cecum. 


130 days old one-half the group were sacri- 
ficed and the incidence of cecitis was noted. 
All but one of the group had definite lesions. 
One might expect, therefore, a similar inci- 
dence of cecitis in the remaining 10 rats. On 
April 12th streptomycin was dissolved in the 
drinking water of these animals so that each 
rat took on the average of 0.1 g of the antibio- 
tic daily. The rats throve On the streptomycin 
and soon disdained plain \l^ater. During the 
10 days of streptomycin therapy all the 
animals gained weight, some as much as 
20 to 25 g. On April 22nd the rats were 
killed. In contrast to the controls sacrificed 
10 days previously none of the treated animals 
had definite lesions with the exception of one 
rat which showed the faint remains of a 
shallow ulcer 0.5 cm in diameter and obvious- 
ly healing. In rat 12 the cecum appeared 
normal but a slight glandular enlargement 
still remained at the hilum. Cultures from 
the cecums of five rats yielded no growth, and 
sections through the entire organ showed no 
active ulcerations except in one case in 
which there was a small acute shallow ulcer 
with complete erosion of the' mucosa. How- 


ever all the cecums showed infiltration of the 
submucosa with eosinophiles and to a lesser 
extent neutrophiles, evidently the remains 
of a healing process. 

Streptomycin appears then to have a strik- 
ing therapeutic effect in ulcerative cecitis of 
fats. However, it seemed necessary to con- 
trol our observations even more precisely. 
The following experiment '\vas therefore car- 
ried out: 

Experiment 11. A number of rats in which 
a clinical diagnosis of cecitis could be made 
on the basis of a palpable abdominal mass 
were collected. On April 1 1th, exploratory lap- 
arotomy was done on 11 animals under ether 
anesthesia and the condition of the cecum 
was carefully noted (see Table II). The in- 
cisions were closed and streptomycin was im- 
mediately added to the drinking water of 10 
rats so that each animal took on the average 
0.1 g daily. The remaining animal received 
no antibiotic. After 9 days all the animals 
were sacrificed. The results are shown in 
Table II, As in Experiment I a remarkable 
therapeutic effect is observed. While there 
were some residues of infection in the way 
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Secondly, the disease itself is of great interest. 
Since it is exquisitely chronic and interferes 
very little with the general health of the 
animals one has an excellent tool for the 
study of experimental epidemiology, the 
pathogenesis of infection and the effects of 
chemotherapy and antibiotics. Certain as- 
pects of these questions have been dealt with 
in previous papers. 

In 1940-41 cecitis became prevalent in the 
Stanford rat colony. Very j^oung animals 
were not affected, but by 4-5 months 44% 
of the stock had fresh lesions and the inci- 
dence increased thereafter so that 66% of 
7-8 months rats showed lesions. The etiology 
of this interesting disease is not yet entirety 
clear. Cultures from the ulcerations have 
invariably ^delded Sahnoiiella cntcrHidts, but 
in spite of this we have raised the question 
of whether this organism alone is responsible. 
If bacteria of the Salmonella group freshly 
isolated from rats with cecitis are introduced 
into the drinking water of unaffected animals 
one produces a violent diffuse enteritis which 
in no way resembles the spontaneous disease. 
Rats which survive such an acute infection 
then proceed gradually to develop the usual 
lesions but wdth no greater frequency and to 
no greater extent than uninoculated controls.® 
Organisms, furthermore, have not been ob- 
tained from fluid aspirated from the cysts 
which so often develop around the cecum. 
It was also shown that the development of 
cecitis was inhibited in rats on a vitamin 
B deficient diet, a finding just the reverse 
of what one would expect with an ordinary 
bacterial infection.^* 

Be all this as it may, we found that cecitis 
could be prevented by incorporating 1% of 
succinyl sulfathiazole in the stock diet.® Sul- 

iBloon^eid, A. L, and Lew, W., Proc. Soc. 
Exr. Bion. .vxn Med., 1941, 48, 3G3. 

2 Bloomfield, A. L., and Lew, W., ihid.j 194J, 


51 og. 

3 Bloomfield, A. L., and Lew, V ., ib/d., 1942, 


51, 179. 

•1 Bloomfield, A. L., ihuU 

5 Bloomfield, A. L., and Low, W., Am. J. .Mrd. 

Sc., 1943,205, 383. r v / .• 

C Bloomfield, A. L., and Lew, W., A. .MAntma, 

1943, 25, 427. 


faguanidine 0.5% was equally effective.^ The 
interesting obser\^ation was also made that 
if sulfaguanidine was added to the diet of 
the mothers during pregnancy and lactation 
the young subsequently failed to develop 
cecitis.® By these means the disease was 
eliminated from the colony and for the past 
three years no chemo-prophylaxis has been 
used.*^ 

In the fall of 1947 there were indications 
that cecitis was again present in the colony, 
and the incidence was found to be as shown 
in Table I. The situation was even worse 


TABLE I. 

Incidence of Cecitis in the Stanford Rat Colony, 
194S. 


Ago of rats (days) 

GO 

70*75 

130-135 

No. of rats 

G 

7 

30 

No. with cecitis 

0 

0 

25 

with cecitis 

0 

0 

83 


than in 1940 since the frequency in 4-5 
months rats was now 83% as against 44% 
in the previous study. Furthermore, many 
of the animals showed very advanced lesions 
consisting of huge masses made up of glands, 
cysts containing clear fluid, omentum and 
thickened cecum. On opening the cecum 
the characteristic huge ragged ulcers were 
found. Cultures made from a number of 
the lesions all yielded bacteria of the Sal- 
monella group in large numbers. These 
organisms showed the following reactions: 

glucose -b inositc — duleitc + 

lactose — arabinose -p maimite -f- 

saccharose — xylose -p urea — 

indol — 

and they were considered to fall in the enteri- 
tidis group. Cultures from the cecums of 
several unaffected rats yielded no bacteria 
of the Salmonella group. 

The sensitivity of the Salmonella bacilli 
isolated from cecitis was tested with strepto- 
mycin, and the organisms were found to be 
completely inhibited by 5 fig per cc of cul- 
ture medium. In view of this finding tJic 
following observations were made to see if 
streptom\xin had any therapeutic effect. 

Expcrhnait L Twent\' male rats were 
placed on the stock diet of the laboratory. 
On April 8, 1948, when the rats were about 
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would Tetuam on ihe labk, Ihrombosls o( 
veins, dislodgement of the plastic tube, and 
inconstancy of rate of flow. Water and dog 
biscuits were placed in the cages of the 
animals receiving fluids intermittently but not 
in the cages of those receiving constant par- 
enteral alimentation. 

Results. Five of the 10 animals died be- 
tween 2 and 6 days, 2 of electrolyte imbalance, 

1 of intussusception with gangrene and necro- 
sis of the distal tumed-in end, 1 of leakage 
of the suture line with a resulting peritonitis, 

I of distemper. The remaining 5 lived 
between 16 and 45 days with an average 
survival time of 27.6 days. One died sud- 
denly at 16 days, and necropsy revealed an 
intussusception of the distal turned-in end 
with gangrene and necrosis. Another was re- 
operated at 21 days, w’hile in good condi- 
tion, and the intestinal continuity restored. 
The remaining 3 dogs survived for 24, 32, 
and 45 days respectively, and death was due 
to emaciation and resulting complications. 

That the length of survival was closely 
correlated with the adequacy of parenteral 
alimentation was indicated by the animal 
which lived for 45 days. This animal was 
maintained in electrolyte balance throughout 
the course of survival. The average daily 
intake was 1,091 cc and output 722 cc. 
H^^oproteinemia and anemia became marked 
around the fifth and sixth ^Yeeks. The 
animal lost 26% of the initial body weight 
and was extremely emaciated at death. For 
the first 10 days, due to much technical 
difficulty with the plastic tubing, an average 
of 140 cc of milk daily was allowed and taken 
orally. Thereafter nothing was allowed by 
mouth except 10.0 cc of a vitamin mixture 
daily. 

It will be noted (Table I) that only dur- 
ing the last 1 5 days were we able to adminis- 
ter parenterally sufficient nitrogen and calories 
to even approach a level adequate to main- 
tain nitrogen balance,*^ and even at this level 
the animal continued to lose an average of 
0.7% of the b ody weight daily. However, 

Riegcl, C., Koop, C. E., Grigger, E. P., Ehoads, 

• E., and Bullitt, L., S. Clin. K. Am,, 1945, 109C* 
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.of scarring and adhesions, not a single.. open 
ulcer ■ was found in the treated rats. The 
untreated animal (No, 76498) on the other 
hand showed the typical changes of active 
cecitis with a large ulcer. 

Summary. The lesions of ulcerative ceci- 
tis of rats resolved within 10 days of strepto- 
mycin treatment. The antibiotic was added 


to the animals’ drinking water in an average 
dose of 0.1 g per day per rat. The bacilli of 
the Salmonella group which are invariably 
associated with the ulcers of cecitis were 
sensitive to streptomycin in the test tube 
and they could no longer be grown from the 
cecums of treated rats with healed lesions. 
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Simple Intestinal Obstruction: Prolongation of Life for 45 Days with 

Parenteral Alimentation. 

Paul Nemir, Jr., H. R. Hawthorne, and Burnetta L. Lecrone. 
(Introduced by I. S. Ra%'din.) 

From the Morrison Department of S^lTgicat Scscarch, Schools of Medicine and the Gradnatr 
School of MedicinCj Vixivcrsity of Pcjvu'iylvania, 


The average length of survival of animals 
having a low simple obstruction of the ileum 
when allowed fluids by mouth or when given 
saline parenterally is around 8 to 14 days.^*- 
Death has been attributed to loss of fluid 
and electrolytes, possible nervous effects of 
distension, or the absorption of toxins from 
the obstructed bowel. By administering 
fluids, electrolytes, and nutritive material 
into an enterostomy below a high simple 
intestinal obstruction, Jenkins^*^ has main- 
tained animals for from 50 to 70 days. No 
cause for death other than the long standing 
emaciation was found. 

We have studied the course and length of 
survival of animals having a simple obstruc- 
tion of the ileum in which electrolyte im- 
balance, dehydration, anemia, and starvation 
were combatted by the intensive administra- 
tion intravenously of sodium chloride, 5 or 

1 Harper, W. H., and Lemmcr, R. A,, BuU. John a 
nopl:ins Uosp., 1940. 70, 207. 

2 Elman, R., and Jlartmno, A. F., Si/r/;,. Oipicc. 

and Ohsf., 1931, 307. 

a.Tcnkins, H. P., Proc. Soc. Exp. Biol, a.vp 
Med., 1930, 2S, 111. 

•< Jenkins, II, and Beswiek, W. F., .treh. 
Surg., 1933, 20, 407. 


10% glucose, casein hydrolysate, blood, 
plasma, gelatin, and vitamins in an effort to 
see if by parenteral administration obstructed 
animals could be maintained as long as those 
fed by enterostomy. 

Met/wd. Ten healthy adult dogs weigh- 
ing between 1 0.0 and 15,0 kg were used. 
The mid-ileum was obstructed by severing the 
bowel and closing the ends. Postoperalively 
fluids were administered daily either by in- 
termittent rapid drip intravenously with the 
animal on the table or, in the later e.vperi- 
men ts, by constant intravenous drip through 
a capillary plastic tube threaded into the 
Jugular vein or inferior vena cava after the 
method of Rhode, Parkins and Vars,-''* e.xxept 
that a deBakey pump was not used. The 
amounts of fluids and calories to be adminis- 
tered were determined by the output (urine 
and vomitus) and chemical .studies on the 
blood, but it was not ahvaj's possible to 
meet the requirements because of the limi- 
tations of the methods used lor administra- 
tion; namely, the length of time the animal 

* Amigrn 5 ^^ in 5^7 df-ttrosp s'^lution iniiflc l»y 
Ifp/ul Julfusoji vt CoHii>.'iny. 

Rhode, C. M.. PorkinSf V;ir.s }{, Xf., 

27t/d. Am. Coll. Si/rg.f 3947 , 
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TABLE I. 

Effect of Gastric Jfuein, Egg Tolk, and Saline Diluents on Virulence of Tubercle Bacilli 
(BsrBv) for C3II and CFW (Albino) Mice. 


Mouse 

strain Diluent of mice 


C3H ^fucin 38 

E^fr yolk 18 

^ Saline IG 

CFW ^tucin 15 

” Saline 12 


and saline for C3H and CFW (albino) mice 
are summarized in Table I. The mice were 
inoculated intraperitoneally with 0.5 cc of 
each mixture composed of equal parts of 
tubercle bacilli suspension and diluent. Each 
mouse was inoculated with approximately 
500,000 bacilli. All animals were sacrificed 
10^ days after inoculation and autopsied for 
evidence of macroscopic lesions. Impression 
smears were routinely made of gross lesions 
and stained by the Ziehl-Neelsen technic. 
Lesions varied in size from 2 to 3 mm and 
usually contained large numbers of tubercle 
acilli in impression smears. When present 
esions were seen at the site of inoculation, 
iver, spleen or intestinal lymph nodes. A 
cn tubercle bacilli were usually found in 
impression smears of the spleen or liver of 
mice inoculated nitH mucin suspensions, even 
1 macroscopic lesions w^ere not present in 
ese organs. No gross lesions were seen in the 
jmgs. Similar results were obtained rising 
cilh recently isolated tubercle ba- 

Since the above experiments were complet- 
j ^^ade several (14) isolations of 

^ ercle bacilli from patients 10 to 15 days 
^ er inoculation by the use of pigmented 
ice (C3H or dba) and mucin, A few of 
results in mice w^ere obtained 
^*croscopically negative sputum. The 
patients sputum or feces were prepared in 
c usual manner, mixed with equal parts 


% peritoneal 

No. with macro- % liver and lymph 

scopic lesions lesions node lesions 

18 SO 88 

10 40 GO 

0 0 0 

2 0 100 

0 0 0 


of 5% mucin, and inoculated both subcu- 
taneously and intraperitoneally (0.5 cc) into 
each of 4 or 5 mice. Tubercle bacilli were 
readily recovered from a number of the le- 
sions planted in Petragnini’s medium. Im- 
pression smears of the spleen, liver and 
peritoneal fluid were routinel}" made of all 
inoculated mice because acid-fast bacilli could 
sometimes be demonstrated although no 
macroscopic lesions were present. Compara- 
tive studies are now in progress in which rou- 
tine specimens from patients are being inocu- 
lated into mice, guinea pigs and culture 
media simultaneously. 

Summary, Gastric mucin significantly en- 
hances the virulence of tubercle bacilli for 
pigmented strains (dba, C3H or C57 black) 
of mice. Grossly visible lesions containing 
large numbers of tubercle bacilli are usually 
present 10 days after intraperitoneal inocula- 
tion with the dosages and strains of tubercle 
bacilli studied. Several isolations of tubercle 
bacilli from patients have been made 10 to 
15 da 3 ^s after inoculation by use of pigmented 
mice (dba or C3H) and mucin. 

Adde7idum, Recently the number of iso- 
lations from patients has been increased by 
feeding pigmented mice inoculated with mucin 
the cornmeal-gelatin-butter diet of Dubos 
and Pierce."^ 


4Duhos, R. J., and Pierce, C., Am. Hev. Tuber- 
ctdosis, 1948, 57, 287. 
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despite the inability to maintain adequate 
nutrition, and in the face of intermittent, 
severe vomiting (1500 to 2500 cc every 3-4 
days) and a sustained elevated temperature 
due to thrombosis of veins resulting from 
the methods used, this animal was maintained 
for 45 days, and during the last 35 days all 
fluids were administered intravenously. 

Conclusions, The length of survival of 


dogs having a low simple intestinal obstruc- 
tion depends upon the ability to maintain 
fluid, electrolyte, and nutritional require- 
ments. By parenteral alimentation with the 
methods used adequate nutritional require- 
ments were not obtained, but in 1 animal 
in which these requirements were approached 
more closely the length of survival w'as 45 
days. 
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A Rapid Mouse Test for Laboratory Diagnosis of Tuberculosis.^ 
Albert Milzer and Edwtn R. Levine. 

Trom the Departments of DacterioJoffp and Chest Service, Medical Research InsiiUifc, Michael 

Jleesc Sospiial, Chicago, JIK 


Recent reports have sho\\Ti that pigmented 
strains of mice (dba, C3H and C57 black) are 
more susceptible to tuberculosis than albino 
mice.^'- We have confirmed these findings 
and have completed additional experiments 
in which albino and pigmented mice were 
inoculated intraperitoneally with tubercle 
bacilli suspended in various diluents. This 
was done with the hope of finding an en- 
hancing agent for a rapid diagnostic test for 
tuberculosis. 

This paper is a preliminary report on the 
use of gastric mucin for enhancing the viru- 
lence of the H37Rv and several recently 
isolated strains of mammalian tubercle bacilli 
for pigmented mice. Although there have 
been no previous reports to our knowledge 
on the inoculation of mice with mucin sus- 
pensions of tubercle bacilli, Mills and Col- 
welh"* showed that guinea pigs inoculated sub- 

♦ Aided by the Sheila Kelman ^Memorial Pund. 
Supported in part by the Micliacl Reese Research 
Foundation, Vi'e are indebted to Sylvia King and 
Phyllis Conner for technical assistance. 

iLong, K. R., and Vogt, A. B., Am. Dev. Tuher^ 
culosh, 1941, 44, 19G. 

2 Pierce, C., Dubos, R. J., and Middlcbrook, G., 
fT. Dxp. Med., 1947, SO, 159, 

3 Mills, A., and Cohvell, C. A., Am. Dev. 
Tuhcrculosis, 1939, 40, 109, 


cutaneously with small doses of tubercle ba- 
cilli suspended in mucin developed larger local 
lesions than controls inoculated Mth saline 
suspensions. These workers found no dif- 
ference in pathogenicity when larger dosages 
were inoculated. I^Iore recently Pierce cl al.^ 
have shown that the infectivit}' of tubercule 
bacilli for mice is enhanced by egg yolk. 

For the present studies CFW albino mice 
and C3H, dba and C57 black strains of pig- 
mented mice weighing about 13 g were used. 
The virulent human t^’pe tubercle bacillus 
H37Rv or recently isolated strains from 
cases of tuberculosis were studied. Suspen- 
sions were prepared from 3-4-week-oId cul- 
tures grown on Petra gnini medium. The or- 
ganisms were suspended in physiological 
saline and clumps were dispersed by means 
of glass beads. The suspension was adjusted 
to approximate!}’’ 1 million organisms per 
cc by a nephelometer tube, and the count 
was checked with a Petroff-Hausser counting 
chamber. jNIucin was prepared by suspend- 
ing 5 grams of granular mucin (T}pe 170I-W, 
Wilson lab.) in 100 cc of distilled water, 
adjusted to pH 7.4 and autoclaved. Egg yolk 
was obtained aseptically and diluted with 
equal parts of physiological saline. 

Results comparing the virulence of the 
H37Rv strain suspended in mucin, egg yolk 
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lymph nodes have been reported elsewhere^^ 
and will not be repeated here. On examina- 
tion of • the sections of normal nodes b}’- 
methjd-green and p 3 Tonine, almost no pyron- 
ine stained material could be found. 

The histologic differences among the stimu- 
lated nodes were primarily those of degree. 
In these nodes, one day after the injection of 
antigen, a few young hunphocytes were seen 
to contain red granules in the cytoplasm, and 
in many of these cases, clearly defined ted 
nucleoli. Such cells were progressively more 
numerous on the second, third and fourth 
da^^s. On these latter days there was an oc- 
casional crescentic accumulation of pjaonine- 
staining material at the very edge of the 
nucleus of cells which showed this material, 
and occasionally cells were seen which showed 
no cytoplasm except for a sector of material 
solidly stained red, contiguous to about one- 
quarter of the circumference of an otherwise 
denuded nucleus. 

No plasma cells were seen in the greatly 
enlarged cortex of the stimulated lymph nodes 
by either method of staining. The few 
plasma cells noted were in the medullas of 
lymph nodes, which were fairly similar in 
area to those of control nodes, and the num- 
ber of these cells did not differ remarkably, 
in these preparations, between control and 
stimulated nodes. 

The great majority of cells with pyronine- 
staining granules were young l^'^mphocytes. A 
few more mature, smaller, tymphocjdes 
showed these granules, on the third and fourth 
da\’s, and a number of the cells with these 


granules had nuclei so vesicular as to sug- 
gest that they were transitional forms between 
the reticulum cells on one hand and clearly 
recognizable young lymphocytes on the other. 
Within this range the distribution was con- 
tinuous: A complete series of cells with 
pyronine-staining ct’toplasmic granules could 
be picked out of a given section, from transi- 
tional forms to mature lymphocytes. Large 
lymphocytes of various stages were certainly 
much more in evidence than the mature cells 
among those with ribonucleic acid granules. 

It is well to recall that the pyronine-stain- 
ing granules are not the new protein, or anti- 
body'-, itself, but a part of the mechanism 
which produces this protein. Accordingly'- it 
is quite consistent with our interpretation 
that the ribonucleic acid granules are found 
primarily'- in young rather than old lympho- 
cytes. 

S7i7)Wiary. The identification of the cell 
within lymphatic tissue which produces anti- 
body has been approached by'- the application 
of a new histochemical technic for localiza- 
tion of cytoplasmic ribonucleic acid. The 
latter has been found to be an invariable 
concomitant to the formation of new protein 
in tissue. In lymph nodes actively engaged 
in the production of antibodies a wide range 
of lymphocytes, largely younger forms, was 
found to have cytoplasmic granules and nu- 
cleoli stained with py'-ronine, which is used 
to identify ribonucleic acid. Such granules 
and nucleoli were found also in transitional 
forms between reticulum cells and lympho- 
cytes, but in no other cell types. 
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Viscosity Studies of Erythrocytes from Persons wth Sickle Cell Disease. 


William Isl, !McCord, Willi a:m H. Kellry, Paul K. Switzer, and F. Bartow 
Culp. (Introduced hy T. G. Bernthal.) 

From the Departments of Chemistry and of llcdicine, :Mcdical College of the State of South 
(Carolina, and of Jtoper Dospital, Charleston, S. C. 


The viscosity of the erythrocytes of sickle 
cell disease varies with changes in 6?^’gen ten- 
sion as Ham and Castle^ " have shown. The 
variation in viscosity is due to changes in 


1 Ham, T. H., and Castle, W., Trans. Assn. A. 
Phys,, 1940, o5, 127. 

2 Ham, E. H., and Castle, W., J. Clin. Invest., 
1940, 10, 788. 
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Histologic Evidence for the Synthesis of Protein in Lymphocytes Following 
Parenteral Injection of Antigen, 


T. N. Harris and Susanna -Harris. 

From The Children Hospital of Philadelphia ( Depart ment of Pediatrics, School of Medicine, 
University of Pennsylvania), Philadelphia, Pa, 


Experimental evidence for the formation of 
antibodies in the local lymphatic system fol- 
lowing the parenteral injection of antigen was 
presented by McMaster, et and by 

Ehrich and Harris.^ Doughert}'^, Chase and 
White*^ demonstrated antibodies in lympho- 
cytes, and Harris, et al,;' showed that lympho- 
cytes were a primary site of antibodies fol- 
lowing the local injection of antigens. Other 
cells of mesodermal origin have, however, been 
regarded as the possible sources of antibodies: 
macrophages® and, more recentlj^, plasma 
cells."'® 

The recent applications of histochemistry 
to physiology have offered an additional ap- 
proach to this problem. It was first shown by 
Caspersson^'^® and Brachet^^ that cells which 
were actively forming new protein were 
characterized by large amounts of ribonucleic 
acid in their cytoplasm. Additional evidence 
for the association of cytoplasmic ribonucleo- 
protein with protein synthesis has been re- 
viewed by Greenstein’“ and by Dempsey and 

I P. X)., iind Hizd/ick, S. S., J, Fxp. 

Med,, 1935, 61, 783. 

sMcMastcr, P. U., :md Kidd, J. G., d, Exp, 
Med,, 1936, 66, 73. 

3 Ehrich, AV. E., and Harris, T. X., J, Exp, 
Med., 1942, 76, 335. 

4 Dougherty, T. P,, Chase. J. H., and White, A., 
Proc. Soc. Exp. Biol. ^Ieb., 1044, 57, 295. 

3 Harris, T. X., Grimm, E., 'Mertciis, E., and 
Ehrich, W. E., J. Exp, Med., 1945, SI, 73. 

c Sabin. F. P., </. Fxp. Med., 1939, 70, 67, 

TBjoerneboc. M., Gormsen, H., and Lnndquist, 
F., J. Immunol., 1047, 55, 121. 

SFagraeiis, A., J. Immniwl., 1948, 5S. 1. 

» Gzispersson, T., Xaturicisscnschaften, 1041, 2t), 
33. 

20 Caspersson, T., Chromosoma, 1041, 1, 605. 

nBmchet, J., Arch. Biol. Paris, 1942, 55, 207. 

12 Grceiistein, J. P.. .^tdraHfC.s* tn Protein Chem^ 
htry, 1944, J, 210. 


Wislocki.’^ Since there is considerable im- 
munologic evidence of the production of anti- 
body'' by the popliteal lymph node of the 
rabbi following the injection of anti- 
gens in the foot pad, and since a tissue in 
which antibody is being formed could be 
e.xpected to show evidences of protein syn- 
thesis, it seemed feasible to attempt to identify 
the cells involved by histochemical methods. 

Accordingly, a study was undertaken of 
the localization and concentration of ribonu- 
cleic acid in the cells of the popliteal lymph 
node, in correlation witli the production of 
antibody by that node, after the injection of 
antigens into the local tissue. This pre- 
liminary^ report will present a brief descrip- 
tion of the histologic changes in the lymph 
node during the first few da,vs after the in- 
jection of the antigen. 

Methods. Injections of influenza virus 
into the pads of rabbit feet and the collection 
of regional (popliteal) lymph nodes were 
made as described elsewhere.’-' Each animal 
in this series recei\'ed the antigen only in one 
foot, so that the contralateral lymph node 
could serve as a control specimen. Animals 
were sacrificed at 1, 2, 3 and 4 days after 
the injection of antigen. Both popliteal 
lymph nodes were e.xcised. Parallel sections 
of each node were stained by' Azur JI-Eosin 
and methyd-green-pyTonine respectively'. The 
latter set of stains is for the respective nucleic 
acids; methyl green stains d esoxyri bon u cl co- 
protein a somewhat bluish green, and py'ronine 
stains ribonucleoprotein red. 

Results. The histological findings in the 
Azur-Eosin stained sections of these popliteal 

23 Dempsey, E, nnd ^Vislocki, G. B., Pltysiol. 
Pcv., 1940 , 26 . 1 . 

iiEhrlvh, W. E., find Unrris. T. N., J. Ejrp, 
MciL, 1946 , 83 . 373 . 

1.' rrnms, S., .and irnrfks T. X., in pre«s. 
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tabIj'B ni. 

Eftcet of Change of pll. Pliosphoric Acid Added. 



After On 

After CO-» 



r- 


r 

Cell count 

Subject 

pH 

Time in sees. 

pH Time in sees, in millions 

IS (S. C.A.) 

7.8 

IGO 

G.35 221 

2.5 

Acid added 

G.25 

13S 

0.10 192 

2.0 



T^VBLE I\\ 




Effect of Carbon Monoxide. 




Time in sees. 






— ^ 

Cell count 

Subject 

After Oo 

After COo 

After CO 

in millions 

10 (a) 

132 

147 

133 

2.0 

( 1 )) 

lOG 

112 

107 

1.4 



TABLE V. 



Effect of Eepoated Washing of Cells witli Tvrode 

’s Solution and Normal Saline. 


Time in secs. 


^ Cell count 

Subject Solution After On After COo in millions 

19 (S.C. A.) . TvT0de's,3 X 

Tyrode»s, 20 X 
Normal saline, 20 X 
On ice — 24 hr 
Normal saline, 20 X 



- 

TABLE VI. 





Time in secs. 

Cell count 
in millions 

Subject 

After O 2 

After COo 

20 (a) 
S. G. A. 

(Heparin) 

128 

145 

2.3 

(b) 

(Oxalate) 

123 

140 

2.0 

(c) 

(NaCN added to b) 

126 

140 

2.0 


IGO 

195 

1.9 

112 

130 

1,7 

119 

134 

2.4 

111 

■ 120 

1.2 


apparent viscosity of blood will vary with 
the procedure used for its determination. The 
size of the capillary and variations in pres- 
sure are important in the capillary tube 
method. The speed of rotation is an im- 
portant variable in the concentric ring meth- 
od. In this particular investigation an Ost- 
wald viscosimeter with a relatively wide bore 
was used so that time intervals would be 
short and there would be a minimum of sedi- 
mentation of red cells. Actual viscosities 
were not calculated and differences are indi- 
cated by varying time intervals. 

The viscosity of blood depends upon a 
number of factors related to the composition 
of blood itself, most important of which are 
the protein content of the plasma and the 
number and character of the erythrocytes. Red 


cells separated from plasma and resuspended 
in Tyrode's solution display viscosity changes 
due only to changes in the characteristics of 
the red cells. 

Changes in viscosity of suspensions of red 
cells from persons with sickle cell disease 
are easily demonstrable and are compared 
in Table I with normal cell suspensions. It 
will be seen that such viscosity changes occur 
in cell suspensions from subjects with sickle- 
mia (S.C.T.) as well as from subjects with 
sickle cell anemia (S.C.A.) 

There are compared, in Fig. 1, the viscosity 
measurements of cell suspensions from normal 
individuals and subjects with sickle cell dis- 
ease, after exposure to ox>^gen and to carbon 
dioxide. It is shown that the viscosity of 
sickle cells differs from that of normal cells 
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the red cell itself and not to influences of the 
suspending medium.^ 

It was the purpose of this study to invest!- 



Log, of time of flow in seconds plotted against 
red cell count in millions, after exposure to Oo 
and COn, 


gate the possibilities of the viscosimetric 
method as as objective means of measuring 
.the sickling tendency of the red cells of indi- 
viduals or groups of individuals under varying 
conditions. 

Methods. An Ostwald viscosimeter with 


a capillary bore of OAS mm in diameter and 
a length of 7. IS cm was used. The upper 
reservoir of the viscosimeter was calibrated at 
a volume of 2 mb The viscosimeter was sus- 
pended in a water bath at 37° C. 

Freshly drawn oxalated blood was centri- 
fuged and the er3^t}irocytes washed 3 times 
in T\Tode's solution. Three ml of cell sus- 
pension in Tyrode’s solution was placed in 
the lower reservoir. The appropriate gas 
was passed through the suspension to effect 
cell saturation. The time of flow through the 
capillary was measured with a stop watch. 

Results. In Fig. 1 the viscosities of vari- 
ous cell suspensions from a normal subject 
(No. 1) and from a subject with the sickle 
cell trait (No. 7) are shown. ViscosiU', ex- 
pressed as the logarithm of the time in sec- 
onds, is plotted against the cell count in mil- 
lions. 

Tables I-VI show the results of various 
studies of blood subjects with sickle cell 
disease. 


TABLE I. 

Viscosi meter Time Intcrrals and. Cell Counts for Bed Cell Snspe»siojis. 

Time difference Cell count 


Subject 


After Oo After COo in seconds in millions 


1 (E’ormal) 

3 ^ ’ 

3 

4 

5 

6 '' 

7 (S. C. T.) 

8 (S. G. T.) 

9 (S. G. T.) 

10 (S. C. T.) 

11 (S. C. T.) 

12 (S. C. A.) 

(A) (Year later) 

13 (S, C. A.) 

(A) (Year later) 

14 (S. C. A.) 

15 (S. C. A.) 

16 (S. C. A.) 


217 

207 

233 

229 

152 

151 

262 

253 

271 

259 

244 

22S 

192 

272 

236 

49S 

197 

321 

132 

151 

150 

185 

182 

267 

139 

200 

141 

157 

139 

200 

189 

2S1 

152 

175 

202 

320 


— 10 

3.0 

^ 4 

3.0 

— 1 

2.3 

— 9 

4.5 

— 12 

4.3 

— 16 

4.6 

+ 80 

4.4 

-f2G2 

3.S 

-fl24 

3.1 

+ 19 

2.0 

-j- 35 

2.4 

-i- So 

2 ^ 

4- 61 

2.0 

4- 16 

2.1 

+ 61 

2.0 

-f 92 

4.2 

4- 23 

2.1 

4-116 

2.5 


TABLE II. 

Effect of yitrogen 

Time in seconds 

Subject After 0; Alter K; After COj 

ItTs. C. a.) 152 1S2 ISC 

3 HuckTj- 

33o, 


Discussion. Several metliods for tlie de- 
termination of the viscosity of blood have 
been used.'*'"' Both the capillary method and 
the concentric ring method indiGite that the 

4 Fahrous, H., and Lind<!uist, T., -tai, J. Phu-'^ot.f 
1931, 00, 5G2. 

sBrundage, J. T., Am. .L rh!/sioL, 3PaM935, 
110, 639. 
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obtained from patients suffering from clinical 
t 3 T>hus fever^" some of ^'hlch have been pre- 
served by the lyophile process. Any serum 
showing anticomplementar}^ action was treat- 
ed by the method of Faran." It was found 
that all except one gave positive reaction to 
both antigens, with titres mostly above 
1:320, and one reaching as high as 1:20,480. 
Among these, 5 sera showed the same titre for 
both antigens, while 14 sera from 10 patients 
showed a higher titre to the epidemic antigen: 
4 vdth a 2-fold difference, 4 with 4-fold dif- 
ference, 5 with 8-fold difference and one posi- 
tive only to epidemic antigen at titre 1:640. 

Comment. The results of the present 
study by means of complement fixation test 
agree with a similar study, carried out by 
one of us (X.C.C.) in the spring of 1946 

cWe are indebted to Dr. y. W, Yili, of the Hos- 
pital of the National Pci Ta Medical School for 
4 of the sera tested. 

T Faran, A., J. Lac. Clin. Med., 1940, 31, 1037. 


when epidemic and murine vaccines serv^ed as 
antigens. In that study, 9 patients with 15 
samples of sera gave clear cut positive com- 
plement fixation reaction with one or both of 
the antigens. Seven patients inth 10 sera 
gave stronger reaction to the epidemic, one 
gave equal titre, while another one gave higher 
titre to the murine antigen. These findings 
seem to suggest that the strains of rickettsia 
causing human infections in the past 2 years, 
whether in the autumn or in the spring, are 
largely of the epidemic type. This is in 
contrast to our previous results when the 
biological study of the organisms tended to 
classify them as murine t}pe. In order to 
reconcile the above differences, further study 
will be made with perhaps absorbed sera. 
These will be continued when sera from fresh 
typhus cases will- be available. 

8 Bengtson, I. A., Pub. Health Jlcp., 1947, Cl, 
1379. 
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Isometric Relaxation Period of the Left Ventricle in Normal Subjects and 
Patients with Mitral Stenosis. 

Aldo a. Lxhsada, Francisco J. Romano, and Jose ^Miguel Torre. 

From the ’Medical Service and the Laboratory of Focnigcnoloyy, Beth Israel Hospital, Boston. 


Differentiation of a split second sound from 
reduplication of this sound is important; the 
latter is consequent to loud snapping of the 
mitral leaflets in mitral stenosis while the for- 
mer has a variety of causes, the most common 
of which is asynchronous closure of the aortic 
and pulmonic valves. Important information 
bearing on this problem may be afforded by 
study of the duration of the period of iso- 
metric relaxation of the left ventricle, for 
this period is the interval between closure of 
the aortic valve and opening of the .mitral. 
Several attempts have been made to measure 
this period in normal subjects by means of 
arterial and venous tracings^ or by ob£er\^a- 
tion of roentgenological tracings (electroky- 


mograms).- The phonocardiogram has been 
used, thus far, for measuring this interval 
only in patients with mitral stenosis.^ Errors 
due to del a}' in the transmission of the v 
wave from the right heart to the neck or 
asynchronism between right and left ven- 
tricles cannot be avoided in studies based on 
mechanical methods: similarly, inaccuracies 
due to the influence of position and motion 
phenomena may be present in roentgenological 
tracings. However, the phonocardiogram gives 
a- virtually instantaneous recording of the vi- 
bration due to valvular movements and is 

^Bandak, E. F., Boone, B. B., Ellingcr, G. E., 
and Oppcnlieimer, M. J., Fed. Froc., 1948, 7, 97. 

SMargolics, A., and Wolferth, C., Am. Heart J., 
1932, 7, 443. 


lEurstein, J., Am. J. Phys., 1923, 05, loS. 
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Studies of T'vthus Fever by 

after treatment with carbon dioxide. Increase 
in viscosit}’' with nitrogen is shown in Table 
II. 

Variations of the hydrogen ion concentra- 
tion do not seem to affect the viscosity of the 
abnormal cells (Table III). 

Carbon monoxide reacts with hemoglobin 
in much the same way as oxygen although a 
far jnore stable compound, carbon monoxide 
hemoglobin, is formed. Murphy and Sha- 
piro® found that exposure of cells from a 
subject with sickle cell anemia to carbon 
monoxide apparently prevented their sickling. 
In order to confirm this, cells which had the 
sickling tendency were treated with carbon 
monoxide and studied in the viscosimeter. 
The sickling process was inhibited by this 
treatment as it was no longer possible to pro- 
duce viscosit}^ changes with carbon dioxide 

0 Alurpliy, E. C., and Shapiro, S., Ann. Int. Med., 
1945, 23, 376. 


COMPLE.MENT FIXATION TeST 

or nitrogen (Table IV). 

Tomlinson and Jacob" report an inhibition 
. of sickling b}’' repeated washings and by the 
addition of cyanides to sickle cell blood. It 
could not be demonstrated,by .the viscosime- 
tric method that repeated washings inhibited 
the sickling tendency (Table V). The addi- 
tion of cyanide or the use of various anti- 
coagulants showed no influence on the ,sick- 
ling tendency as viscosity changes could still 
be demonstrated after their use (Table VI). 

Summary. A viscosimetric method is de- 
scribed for the study of the sickling tendency 
of red cells from subjects with sickle cell 
disease. This method does not differentiate 
between sickle cell anemia and sickle cell 
trait. Data are compared with observations 
of other investigators. 

7 Tomlinson, W. J., and Jacob, J. E., J. hah, 
and CUn. Med., 1945, JJO, 107. 
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Studies of Typhus Fever in Peiping by the Conipleinent Fixation Test. 


Saaiuel H. Zia and N. C. Chang. 

From the Naiioiiol Voccinc and Scrum Ijistiiuic, the Central MospitaJj and the Department of 
DacterioJogp, Peiping 1771 ion Medical College, Peiping, China. 


Recently, the complement fixation reaction 
in typhus fever, first studied by Castaneda,^ 
has been refined so that not only t>T)hus may 
be differentiated from other rickettsial dis- 
eases such as Rocky ^Mountain Spotted 
Fever r but may itself be classified according 
to epidemic or murine nature.^ Inasmuch as 
we have been interested in the etiolog}’ of 
typhus fever in this area, and have readied 
certain tentative conclusions based on the 
studies of the biology of the rickettsia strains 
locally isolated,-* we wish now to use the 

iCastanedn, 3L I?., J. hnmunoh, 1P3(>, 31, 2S5. 

sBcngtson, I. A., Am. J. Puh. Health, 1945, 35, 
701. 

3 VTisbart, F. O., and Alalcoiason, M. E., Canad. 
pub. Health J., 194C, 37, 3C9. 

4 Bill, W. T. ct ah, Am. J. Hyg.. 1942, 35. 231. 


complement fixation test to complete our 
studies. Unfortunately so far, owing to the 
scarcity of clinical cases seen in the past year, 
the number of sera examined has been small. 
But the results seem to be sufficiently consis- 
tent to warrant a preliminary report at this 
time. 

Method and results. The antigens used in 
the present study, kindly supplied by the 
Lederle Laboratory Division of the American 
Cyanamid Company,® consist of washed 
rikettsial bodies. The method of comple- 
ment fixation test is that of Kolniers modi- 
fied by reducing all ingredients to one-half the 
volume of the regular method. Sera ■were 

“Wc"arelndclded'l7ur. S- WatFon. the 
Iiitcriiational Health the Koch feller 

Foundation for sccurin;* those antigen*?. 
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TABLE L 


Distance? between main 
phase of 2nd sound 
and opening sound 
(or snap) of the 
mitral valve 


Distance between 



Normal 

subjects 

Mitral 

stenosis 

of the split 

2nd sound 

2nd and 3rd 
sounds 

Maximum 

0.07 

0.11 

0.05 

0.18 

Minimum 

0.04 

0.07 

0.025 

0.12 

Average 

0.055 

0.079 

0.04 

0.15 


viously/’®'"^ In our collection of fiuorocardio- 
grams, 32 tracings were recorded in patients 
with mitral stenosis; one of the latter had 
a pronounced snap of the mitral valve (Fig. 
2 ). 

Results. The results are presented in Table 
I, in seconds. 

The normal subject presenting a visible 
opening sound in the phonocardiogram, on 
whom a fluorocardiogram was recorded, show- 
ed the following: 

(a) The interval between the main vibration 
of the second sound and the opening sound 
was 0.07 seconds. 

(b) The tracing of the ventricle exhibited an 
early diastolic rebound. 

(c) While the negative peak of the ventricu- 
lar tracing coincided with the main vibration 
of the second sound, the opening sound coin- 
cided with the end of the initial rise and pre- 
ceded the rebound (Fig. 1). Similar findings 
were present in tracings recorded along the 
left ventricular margin. 

The patient with mitral stenosis and an 
opening snap of the mitral valve on whom a 
fluorocardiogram was recorded showed the 
following: 

(a) The interval between main vibration 
of the second sound and opening snap was 
0.11 second. 

(b) The tracing of the left ventricle pre- 
sented an early diastolic rebound. 

5 Luisada, A. A., Flcischucr, F. G., and Rappa- 
port, M. B., Am. Heart J., 1948, 555, 33G and 348. 

c Luisada, A. A., and Fleischner, F. G., Fkoc. 
Soc. Exp. Biol, and Mcu., 1947, CG, 43 G. 

7 Plcischner, F. G., Romano, F. .7., and Luisada, 
A. A., Fjioc. Soc. Exp. Biol, axd Aim., 194S, 07, 
035. 


(c) The relationship between opening snap 
and rebound is identical with that of the 
normal subject in spite of the prolongation 
of the isometric relaxation period. 

Disatsswn. Our average figures for the 
duration of isometric relaxation in normal 
subjects are somewhat less than those found 
by Burstein.^ This can be explained by the 
greater accuracy of our method which exclud- 
ed transmission time of mechanical waves 
from the heart to the neck and results of 
phenomena taking place in both ventricles; 
moreover, our data were obtained by the use 
of a speed film. On the other hand, our 
findings coincided with those reported by 
Hoff.® Our data concerning measurements in 
patients with mitral stenosis are similar to 
those of Margolies and Wolferth® in regard 
to the average figures. Their minimum and 
maximum figures are respectively smaller and 
larger than ours, but they were found during 
extreme alterations of the cardiac rate. Our 
data on the interval between the two phases 
of a split second sound are shorter than 
those of Wolferth,^ possibly because of a 
different choice of cases, while those con- 
cerning the third sound are identical wdth 
his. There is a slight difference between 
our data concerning the third sound and those 
of Rappaport and Sprague.*^ This difference 
can be explained by the fact that these 
authors measured the interval from the be- 
ginning of the second sound. 

Simultaneous observation of the phono- 

8 Hoff, H. E, Events of Cardiac Cj'cle, In 
Honell ’s Textbook of Physiology' by Fulton, 
Saunders, Philadelphia. 194G. 

0 Wolferth, C, C. Heart Sounds, in Cyclopedia of 
Medicine, Vol. 3. P. A. Davis, Philadelphia. 
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Fxg. 1. 

Simultaizeous pJjonoctTrdiograiu and iluorocardiogram in a normal 
subject. The former has two vibrations indicating the closing of the 
semilunar valves (2) and the opening of the mitral valve (os). Be- 
tween them lies the isometric relaxation period. 


independent of other causes of error; it is 
therefore, the most accurate method. Thus 
far, only data obtained in cases of mitral 
stenosis are available^ because^ even If recog- 
nition of the various components of the sec- 
ond sound is often possible,*^ the \'ibration 
due to opening of the mitral valve can be 
recognized only in a small number of normal 
subjects. However, the systematic study of 
a series of over 1500 phonocardiograms col- 
lected by one of us (Luisada) showed the 
possibility of clearly isolating the vibration 
due to the opening of the mitral valve in a 
small percentage of cases. This \dbration 
will be called “opening sound of the mitral 
valve’\ 

Materials and Methods. This stud}^ is 
based on the above jnenlioned collection of 
phonocardiograms as well as the collection of 
fluorocardiograms and phonocardiograms of 
the Beth Israel Hospital. The records of 
seven normal subjects permitted measure- 
ment of the isometric rela.vation period of the 
heart on the basis of the phonocardiogram. 
One of these cases also had a fiuorocardio- 
gram (electrokj^mogram) recorded and, there- 
fore, permitted the analj'sis of the latter 
tracing on the basis of the phonocardio- 
grapluc study (Fig. I). Twenty-four cases 
had mitral stenosis with an evident open- 
ing snap of the mitral valve. This per- 
mitted the determination of the isometric 

4Rappaport, U. B., and Sprague, II. B.. Jui. 
Heart J.y 30^2, Sa, 5D3. 


rela.xation period of the left ventricle in rheu- 
matic heart disease where there is a possibility 
of delaj'ed opening of the left auricular-ven- 
tricular valve. Parallel studies were made in 
9 cases of mitral stenosis with a split second 
sound at the base, in 19 subjects having a 
similar splitting without mitral stenosis, and 
in 20 cases with a third heart sound. The 
phonocardiograms were recorded by means of 
a Sanborn “Stethocardiette’^, using a stetho- 
scopic microphone with a 3.7 cm funnel ap- 
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FlO. 2. 

SimultancoTis pbonocardiogram and fliioro- 
cardiogram of a patient wit/i mitral stenosis and 
auricular fibrillation. Tlie sound tracing presents 
a loud opening snap of the mitral valve (os). 
Between t!»e main vibration of the second sound (2) 
and the opening snap (os) is the isometne relaxa- 
tion period which is prolonged. 

plied at the apex, at the third left interspace, 
and at the second left interspace. 1 he fliioro- 
cardiojirain is a tracing of the niovcnients of 
the cardiovascular fluoroscopic .silhouette re- 
corded by a phototube and n ?:ih-:inomcter. 
Details of this method have been given pre- 
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the toxic dose and the therapeutic close in 
mice which had been infected with Diplococ- 
cus pneumoniae, tx’pe 1. Sulfactin is active 
against gram-positive microorganisms, pri- 
marily, and in this respect it resembles peni- 
cillin* We were interested to learn if a cul- 
ture of a gram-positive microorganism such 
as Staphylococcus aureus readily acquired an 
increase in its resistance to sulfactin. whether 
a sulfactin-resistant strain of staphylococci 
showed any change in its susceptibility to 
penicillin, and whether a penicillin-resistant 
strain of staphylococci showed any increase 
in its resistance to sulfactin. 

The supply of pure sulfactin was that men- 
tioned previously.- The commercial sodium 
salt of penicillin was used. Stock solutions 
of both antibiotics were prepared in sterile 
distilled water and stored in the dry-ice box. 
Bacto-nutrient broth, adjusted to pH 7.4 was 
employed as the culture medium. 

Penicillin-resistant and sulfactin-resistant 
staphylococcal cultures were developed in 
vitro b 3 " growing the test organism in the 
presence of varying concentrations of the anti- 
biotics. From the stock solutions of each 
antibiotic serial two-fold dilutions were pre- 
pared in Bacto-nutrient broth, pH 7.4. All 
of the dilution tubes were then seeded with 
one drop of broth culture of Staphylococcus 
aureus and the tubes incubated at 37 °C. 
Observations were usually made after 24 
hours, but in some instances the incubation 
period was 48 or 72 hours. The tubes in 
the penicillin series and in the sulfactin series 
containing the highest concentration of the 
antibiotic which showed visible growth of 


* This project has heen supported by the Smith, 
Kline and French Laboratories, Philadelphia, Pa. 

t This is based upon a thesis in medical bac- 
teriology presented to the Faculty of the Graduate 
School of the University of Pennsylvania in partial 
fulfillment of the requirements for the degree of 
Master of Science. 

♦ Present address: School of Tropical Medicine, 
Government of Puerto Pico, San Juan, Puerto 
Bico. 

1 Junowicz.Kocholaty, E., Kocholaty, W., and 
Kclner, A., J. JBiol. Chem,, 1947, ICS, 765. 


staph\dococci were selected for subculturing. 
New series of dilutions of penicillin and sul- 
factin were prepared and inoculated from 
the tubes in the previous series which had 
been selected for subculturing. This pro- 
cedure was repeated until penicillin-resistant 
and sulfactin-resistant cultures of staphylo- 
cocci were obtained. The extent of the tol- 
erance of the cultures for the two antibiotics 
is shown in Table 1. Parallel transfers of the 
parent culture of staph 3 ’lococci were made in 
the Bacto-nutrient broth for a control. 

Tests to determine the sensitivity to peni- 
cillin and to sulfactin were then made with 
the penicillin-resistant strain, the sulfactin- 
resistant strain and the normal culture of 
staph 3 dococci. In becoming resistant to peni- 
cillin the staphylococcal culture did not 
change in its sensitivit 3 '’ towards sulfactin. 
Likewise when the culture of staphylococci 
became resistant to sulfactin it did not 
change in its sensitivity'’ towards penicillin. 
Typical results of repeated tests are presented 
in Table II. 

Results. After 7 serial transfers of a 
staphylococcal culture in Bacto-nutrient broth 
containing varying amounts of sulfactin, the 
culture grew in the presence of 10 nE of the 
drug. This represents an increase in resis- 
tance of the culture to the drug of over 
1100 times that of the original strain (Table 
I). Under similar conditions the staphylo- 
coccal culture developed a resistance to peni- 
cillin of slightly over 32 fold. The acquisi- 
tion of a tolerance for either penicillin or 
sulfactin by the staph 3 dococcal culture yvas 
not accompanied b}’’ an increase in tolerance 
for the other antibiotic. 

Dtscnsswii. The value of using drug-fast 
strains of microorganisms in stud 3 dng new 
chenyotherapeutic compounds was described 
by Ehrlich^ and was advocated in the study 
of new antibiotics by Stansly,** Eisman et 

2 Morton, H. B., PBOC. Soc. Bxp, Biol. ant> 
Med., 1947, CO, 345. 

3 Ehrlich, P., The Harben Lectures for 1907 of 
the Boyal Institute of Public Health, London. 
H. K. Lewis, 1908. 

■> Sfanslj, P. G., Science, 1946, lOS, 402. 
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cardiogram and fluorocardiogram, both in the 
case with a physiological opening sound and 
in that with a pathological opening snap, indi- 
cates the following: 

The part of the fiuorocardiogram which 
corresponds to the isometric relaxation period 


is S 

ZucL sound. 

4 - 7 

ope-nLn^ sounoL 

7 

11 


S3 opiTiin^ snap 

— — 

third sovnd 


Fig. 3. 

Scheme indicating the dLstance in hundreds of 
seconds between the two pliases of a split or 
reduplicated second sound and between second 
sound and third sound. The black bar indicates 
the minimal distance, the striped bar, the maximal 
distance between the two phases of the redupli- 
cated sound or between second and third sound. 
SpUt secojid sound f recorded over the pulmonic 
area. Opening sound, recorded over the mitral 
area in normal subjects. Opening snap, recorded 
over tlic apex or mitral area in patients with 
mitral stenosis. Third sound, recorded over the 
apex in normal subjects. 

lies between the lowest point of the ventricu- 
lar wave and the beginning of the rebound, 
and not that ending ndth the lowest point of 
the rebound, as suggested b}" others.^® How- 

10 Boone, B. B., Chamberlain, W. E., GUUck, 
F. G., llenny, G. C., and Opponbeiiner, M. J., Jm. 
Heart 1047, ^14, 560. 


ever, this period cannot be measured routinely 
on the various fluorocardiographic records be- 
cause tlie diastolic rebound is not a constant 
feature; it may be represented by a less steep 
rise of the tracing or may be completely 
absent According to our data, the figures 
found recently by others" for the isometric 
relaxation period are too long, especially be- 
cause they did not study’' patients with mitral 
stenosis; as known, these may present the 
longest duration of the isometric relaxation 
period because of impaired opening of the 
mitral valve. 

The results of our study, sketched in Fig. 
3, facilitate basin'g the classification of an 
extra-sound on the above temporal data. 

Sun/piary. The isometric relaxation period 
of the left ventricle in normal subjects and 
in patients with mitral stenosis was studied. 
This period was measured on the phonocardio- 
gram as the interval between the main vibra- 
tion of the second sound and the opening 
sound or snap of the mitral valve. 

The findings in 7 normal subjects varied 
between 0.04 and 0.07 seconds; 24 mitral 
patients had figures of from 0.07 to 0.11 
seconds. Additional data on the split second 
pulmonic sound and the Uiird heart sound 
are presented. 

Simultaneous phonocardiograms and iluoro- 
cardiograms in a normal subject and in a 
patient with mitral stenosis, both having an 
opening sound or snap of the mitral valve, 
allowed correlation of the ventricular fiuoro- 
cardiogram with the sound tracing in regard 
to the isometric relaxation period. 
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S/r 7 p/\v/ococcns^ aureus: Drug-fastness Studies with Penicillin and 

Sulfactin/t 


Harrv E. Morton and ZVIaria Josefina Baralt Pkrf.z.* 
(Introduced by A. X. Richards.) 

From the University of Fcnnsylvanin. School of Medicine, Dciiartmcnt of Ihicterudug}!. 

Fhilndclphia, Pa. 


Sulfactin, a new antibiotic produced by an 
Actinomyces, was described by Junowicz-Ko- 
cholaly, Kocholaty, and Kelner.* Its bacterial 


spectrum, toxicity, and therapciUic action in 
mice were described by Morlon.== It was found 
that tiiere was a very favorable ratio between 
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alj* GnifrK'4c and Fro-il/' anrl SiilHvan d alJ 
Thcrapcuttc fatliircH, as a tmilt of a par- 
ticular strain of art infecting' parasite acquir- 
ing or j;) 0 '*>'f;ssing a tolerance to fhe drag, have 
been knov/n since the advent of chemother- 
apy. Tha superior therafxmtic action effected 
by ihc use of more than one chemothera- 
f)faitic agent was pointed out hy Laveran^- in 
hiH work with trypan red and anjamis acid 
in experimentally indiiced trypanosomiases. 
7'he rational of a plan of drug rotation in 
the atsa of certain bacterial infections v/as 
fxunted out by I^eirr^r, Meader and Leonard"^ 
and again by Duernling and Horton.*^* 

(Jngar^* finit demonstrated the synergihUc 
effect m vHro and in vivo of chemotherapeu- 
tic agents ffiara-arninobenxoic acid and sulfa- 
pyridine) on an antibiotic (penicillin) and 
(Carpenter, Hahn, Ackerman, and Stokinger*^ 
pointerl out tfie advantage-, of combining 3 

r* SyttitfifOif 1'. C\f M.'ifMo tv. H,, utiti ft, R., 

/{cknfx, VMfh 10 m, 

<K H., ?otfl tVa^f, i5. M., JOiOC. Hoc, 
Hx»^ jUoo. Ann Men,, PMO, fJU, J7i, 

HuiVivtiti, M,, HL'UUy, rf, ^,^,1 fUftn'Inm], 

a. M,, Hckn^^rr, tot, ?Af7, 
e tAveran, .M. A,, Comp, ami, Ar.nd, HH,, 1U04, 
lao, Ui, 

'MV'irer, V/, A,, Jdf.ufU'rf f*, t>,, nrej tAon^r/l, V,, 
,/. Urol, Hg a 7 , 

nMOicfrttjna, V/, V/,, nnU Jfonnn, H, R., //, />, 
/ivti, KM 7, a 7, cor,, 

T;n;c^r, d,, UnUm:, VM%, ioiS, LM,", 

(X M,, t^iUn, A, M,, A^Ajer/n,',n, U,, 
nn/l VAoVMmff it, H,, Hoc, y,xv, lOnc, /.nn 
Men,, Ket.', 00 , V’,K 


chemical substances v/ith penicillin in order to 
(trevent the development in vitro of drug-fast 
strains of the gonococcus. Although sulfacUn 
is active against the same tyi)es of microor- 
ganisms against which penicillin is active^ it 
nevertheless has a possible role in the fiehl of 
chemotherapy, 

ft v/j|{ be noted that the mmiWiiy of 
the stajdiylofxiccal strain to snlfactin at the 
beginning of the studies f'lVible fj is slightly 
different from that found for the parent cul- 
ture later in the studies (7’able ff), A pos- 
hil)1e factor in explanation of this may be that 
a different lot of stock solution was emjdoyed 
in the later te;Us !)ut this is not a complete 
explanation, 

'khe magnitude of the resistance to sulfactin 
developed by a strain of staphylocofrci v/as 
intermediate betv/een tlue inenrase of the same 
strain of staphylococci to penicillin and llie 
inen^ase in resistance of a strain of IWJtnru 
chin coU strejjtomycin/" 

Humninry, A strain of slaphyloa>cci in be- 
coming resistant to penicillin del not show 
an increase in its resistance to xulfactin, A 
similar strain of staphylotxjcci in larcoming 
resistant to sulfactin did not shov; an increase 
in its resistanrx* to penicillin. The increase 
in resistance to sulfactin developed by the 
strain of staf)hyloa)ccl v/as Inter mcjWatrt be- 
tv/een the increment in resistance (kvdopcA 
by staphylococci to penicillin and the increase 
in resistance rleveloperl by a strain of H, coli 
to streptomycin, 

ja fkdnor, A,, umf %forU,u, if, fX, J, Hnnl,, VHl^ 
na, cgr>. 
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Ouanlitafivc Chemical Afialy<.j<. of die Adrenal Glands of Wild 

Norway Iiat<>. 

Jom; Xicnof.s, ffnlrorluced hy A, .Miller, Jr.) 


J'rom the hepnrtmnl ,./ AmUmy, (h<b:<r>:Uy of h’orfh CnroHpn, ChapA HM, (’, 


and HkhU:r’ poirded out that the 

> I!o;;i,'Oi, V,, ! 1 T »1 C, J',, T.ndor.rlnol- 

'm, VM''., 42, td. 


v/ild Sfirvi’ny Hat han an adrenal jrlanrl Z'-l 
tiwfr-, a', large a-; tiiai of (be dome,<i(ic alhlno 
■y’r^'ny Hut.. 7'bis differenry; in um h 
lirniied to the cortez, f-inw; the cortical hor- 



TABLE I. 

Development o£ Rcsiatm ice in Vitro of .a Strain of Staphylococens aureus (P 210) to Sulfactiii and Penicillin. 
~~ Sulfactin Penicillin 
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CoMPLEiiENT Fixation Foleowing Murine Tathus 


than the cortex of the domestic rat, it is 
apparent that the wild rat has much more 
cholesterol available for hormone production 
than does the domestic rat of comparable 
size. The wTiter is unable to offer any ex- 
planation for the disparity in the two sets of 
figures by different investigators shown in 
the table. 

It should be pointed out that these rats 
were caught in spring steel traps and in some 
cases may have remained in the trap for as 
long as 12 hours. The emotional disturbances 


and trauma associated with this may have 
caused a lowering of the original cholesterol. 

Summary. Quantitative analysis of the 
adrenal glands of the wild Norway rat reveals 
that the total fats comprise 6.5 % of the gland 
and that of this 3.7fo are cholesterols. These 
figures are lower than the values for the ad- 
renal gland of the domestic rat. However, 
since the cortex of the adrenal gland of the 
wild rat is 2-3 times larger than that of the 
domestic rat, the wild rat has much more 
cholesterol available for hormone production. 
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Complement Fixation in Human Sera Following Murine Typhus. 

E. R. Rickard, 

From llie International HcallJt Division, Focte/ciicr Foundation, and Florida Slate Board 

0 / SeaWi, 


Complement-fixing antibodies for murine 
t>i)lius have been shown to persist in the 
sera of both human beings and rodents for 
long periods of time following infection.^'^ 
The complement fixation test has been em- 
ployed, therefore, to estimate the past inci- 
dence of typhus in human"^ and rodent^ popu- 
lations. For this reason, an appraisal of the 
accuracy of the test as an indicator of past in- 
fection should be of interest. During a re- 
cent state-wide survey of murine tjq^hus in 
Florida,® clinical and epidemiological records 
were completed on 2055 persons who, during 
the years 1944, 1945 and 1946, had had 
typhus or had been strongly suspected of hav- 
ing had the disease. The present report will 

1 Bcngtson, I. A., Pu6, Health Eep., 1941, 50, 
049. 

2 Bcngtson, I. A., and Topping, K. H., Am. J, 
Pub. Ucalth, 1942, 32, 48. 

3 Bcngtson, I. A., Am. J. Pub. Health, 1945, 35, 
701. 

4 Davis, D. E., and Pollard, M., Pub. Health 
Pep., 194C, 01, 928. 

5 Davis, D. E., and Pollard, Xr., Am. J. Trap. 
Med., 194C, 20, 619. 

c Rickard, E. R., and Riley, E. G., Am. J. Pub. 
Health, to bo published. 


describe the results of complement fixation 
tests performed upon the sera of 404 persons 
whose cases were investigated during the sur- 
vey. 

Methods. All persons from whom serum 
specimens were obtained had had fever and 
constitutional S3Tnptons sufficiently severe to 
confine them to bed for a period of at least 
10 days. Furthermore, all these persons had 
had relatively close contact ndth rats and 
their ectoparasites, and there was epidemi- 
ological evidence that the}'' could have con- 
tracted UT^hus. 

Sera were collected aseptically at intervals 
varying from 7 daj^s to 3 years and 11 
months following the onset of illness, and 
were stored at icebox temperature for periods 
varying from 7 days to 4 months before 
examination. Immediately before testing 
thej^ were inactivated by exposure to a 
temperature of 56 °C for 30 minutes. 

Antigen* was prepared b}'' the Cox method'^ 
from the yolk sacs of chick embryos infected 

* Wc are grateful to Dr. Herald R. Cox of the 
Lederle Laboratories for furnishing the antigens 
used in tliis study. 

7 Cox, H. R., Pub. Health Pep., 1938, 53, 2241. 



30 


Adrenal Cortex of ^Vild Rats 


TABLE I. 



Wt of animal 
ing 

Total fat 

Total cholesterol 

Source 

Wild Norway 
Domestic 

Wistar 

Spraguc-Dawlej' 

Sprague-Dawjey 

Yale 

Loiig'Evatis 

250-475 

300 

200 

(Adult) 

250 

24-day-oM 

284 

C.5% ± 1.2* 

8.7 

3.7% ± 0.8* 

5.1 

5.45 

5.2S 

3.84 

3.03 

3.45 

This paper 

Nichols*- 

Teppernian3 

Sperry I 

Sayers ef nf.s 

Sayers ct al.e* 

Levin cV 


Vff 

K 


mone is likely formed from the cholesterol 
present in the gland it would be interesting to 
compare the cholesterol concentration in the 
adrenals of the two strains of animals. Such 
data are not in the literature. According]}'^ 
the following study was carried out. 

The adrenal glands of 41 wild Norway 
Rats^ were subjected to a chemical analysis 
which has been previously described.- These 
rats were trapped during a t}phus sun^y pro- 
gram currently being carried out in this state. 
They varied in size from 250 g to 475 g 
and were about equally distributed between 
the two sexes. Pregnant females were not 
used. 

RcsiiUs. The results were tabulated in 
comparison with the findings of other inves- 
tigators on the adrenal of the domestic rat. 

. Dtsciission. In their paper Rogers and 
Richter present an interesting discussion 
based largely on the fact that the lean, ag- 
gressive, wild rat has a “faster pace of living’’ 
than does the obese, sedentary, domestic rat. 

* These rats were Mndlj' made available bj Lrs. 

H, F. Schoof and G. C. Barden of the State Health 
PepartineBt, Baleigh, N. C. 

2 Nichols, J., Aviation 194S, 19, 171. 

3 Tepperman, J., Teppenaan, H. M., Patton, 
B. IV., and Nims, L. P., Jtn^ocriiwtogij, 1947, 41, 
350. 

4 Sperry, TV. M., and Stoyanoff, V. A., J, Nntri- 
tian, 1035, 9, 131. 

5 Sayers, G., Sayers, M. A., Liang, T. Y., and 

I, 0 ng, C. N. II., Jindocrinoloffitf 1945, 37, DC. 

6 Sayers, G., Sayers, M. A., Pry, E. G., White, 
A., nnd Long, C. N, H., Talc J* BioL nnd 1/cd., 
1944, IG, 301. 


It is well known that the adrenal cortex is 
an important factor in stresses not far dif- 
ferent from this (Selye®). The adrenal corti- 
cal hormone is a c 3 Tlopentophenanthrene com- 
pound closely related to cholesterol and the 
adrenal gland is a rich source of cholesterol. 
There is ever}’’ reason to believe that the 
hormone is formed from the cholesterol pres- 
ent in the gland. (This is true of all glandular 
structures which arise from embri^onic lateral 
plate mesoderm.) Sayers et al.^ found that 
the adrenal cholesterol became depicted 
upon administration of adrenotropic hormone. 
Mason e/ aiT have reported an increased 
urinar}" output of keto-steroids in humans 
after administration of adrenotropic hormone. 
At least one biologicall}'’ active compound can 
be formed from cholesterol; Bloch^® fed 
cholesterol labeled with deuterium to pregnant 
women and recovered it as pregnandiol in 
the urine. 

From the data presented here it is ap- 
parent that both total fat and cholesterol are 
present in lower concentration in the adrenals 
of wild rats tlian in domestic rats. Assuming 
the 5% figure to be tlie correct one for the 
cholesterol concentration in the adrenal of 
the domestic rat, the wild rat has approxi- 
mately 66% as much cholesterol. However, 
since Rogers and Riditer^ have shown the 
cortex of the wild rat to be 2-3 times larger 

r Lcvijie, Ij., Endocrinolopi/, 1945, 37, 34. 

8 Sclye, n., «L Clin. TndocrinolnffV, 1D4G, «, 117. 

0 Mason, 11. L., Power, M. H., llynearson, E. H., 
CinranielH, L. C.. Li, C. H., anil Evnii5r, II. M., 

J. Clin. Endocrinology, 194 S, 3, 1. 

lOBIocli^ K., J. Eiol Chem., 1945, 137, CGI. 
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TABLE II, 


Titers of Positive Complement Pisation Tests in Belation to Time After Onset of Illness. 


Months after 
onset of 
illness 

NO: 

positive 

sera 




Titers 




Mean 

positive 

titers 

r 

1:2 

1:4 

1:S 

1:16 

1:32 

1:64 

1:12S' 

12 

29 

0 

o 

3 

o 

11 

5 

6 

1:34 

12-23 

67 

0 

1 

6 

17 

24 

12 

7 

1:30 

24-35 

123 

4 

6 

28 

31 

38 

16 

0 

1:18 

30-47 

94 

X 

11 

15 

32 

19 

12 

4 

1:18 

Total 

313 

5 

20 

52 

82 

92 

45 

17 

1:21 


excluded from tlie series. 

Results, In Table I, the persons on whose 
sera complement fixation tests were performed 
have been classihed in groups according to 
the history of the presence or absence of a 
U^ical typhus rash and the presence of WeiL 
Felix agglutination in significantly positive or 
suggestive titer at the time of their illnesses. 
It would seem highly probable that the per- 
sons in Groups I and II had suffered from 
murine typhus. Weil-Felix agglutination titers 
of 1:320 or more are generally considered as 
diagnostic of rickettsial infection. Rocky 
Mountain spotted fever was the only rickett- 
sial disease known to occur in Florida which 
might have caused the symptoms of, and the 
findings on, the patients in these two groups. 
In no instance did epidemiological evidence 
suggest this disease. Moreover, of the 91 
sera negative for typhus, 66 were examined by 
the same complement fixation test for Rocky 
Mountain spotted fever. With the exception 
of 13 sera in which positive results were ob- 
tained in 1:2 dilution only, all of the sera 
examined for Rocky IMountain spotted fever 
were negative. Because of the lack of both 
clinical and epidemiological evidence of Rocky 
Mountain spotted fever, these positive results 
in low titer were considered non-specific. 

From the data on Groups I and II presented 
in Table I, it would appear that the comple- 
ment fixation test was approximately 85 to 
83% accurate as an indicator of past infec- 
tion with murine tjT)hus for periods up to 
3 or 4 years following illness. It was also ap- 
parent that positive titers were quite high. 
The most common titer was 1:32, and Sie 
mean was 1:21, In the individuals included 
in Groups III to VI, the diagnosis of typhus 
was not considered completely established in 


every case. The possible inclusion of diseases 
other than tj'phus in these groups might ac- 
count for the lower percentage of positive 
sera observed in the groups. This fact ap- 
peared to have no influence on the mean 
positive titers for Groups I and II as com- 
pared with Groups III to VI with titers of 
1:21 and 1:22 respectivel\\ 

In Table II, persons with positive titers have 
been classified in one-year periods according 
to the time elapsed between illness and the 
taking of serum for complement fixation. The 
diminution in mean positive titers obser\’'ed 
in the yearly intervals after infection was not 
statistical^ significant. This observation sug- 
gested that no pronounced loss of positive 
titer had occurred with the passage of time. 

As a control upon the specificity of the 
test, the sera of 20 inmates of a New York 
State correctional institution were examined 
for murine typhus by the same technic. Of 
these sera, 17 were negative and 3 fixed com- 
plement in 1 : 2 dilution, one serum with 4 plus 
fixation and 2 with 3 plus. None of the 3 
subjects had positive serological reaction for 
syphilis. Two had never been out of New 
York State and had never taken typhus 
vaccine. One, however, had had 2 3^ears of 
naval service on the island of Guam ending 
a few months before the specimen was taken. 
It was, therefore, possible that this person 
had received typhus vaccine or may have 
been infected during the course of his travels. 
However, there had been no history of illness 
during the period of his absence from New 
York State. It would appear that at least 
2, and probably all 3, of these positive reac- 
tions were nonspecific. In consideration of 
the higher titers commonly observed in per- 
sons who had had t>T)hus. the occasional oc- 
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with murine typhus rickettsiae of the Wil- 
mington strain. Lipoids were extracted i\dth 
benzol and ether, and the antigen was purified 
by sodium sulfate precipitation in order to 
eliminate or reduce non-specific reactions wdth 
syphilitic sera.® 

Hemolysin was titrated in 0.25 ml amounts 
in twofold dilutions, with starting dilutions 
of 1:200 and 1:300 followed b}'' the addition 
of 0.25 ml of 3% washed sheep cells and 0.5 
ml of guinea pig complement diluted 1:30, 
The highest dilution of amboceptor which 
showed complete hemolysis after incubation 
for 30 minutes at 37°C constituted one unit. 
This dilution divided by 3 was emp]o 3 ^ed in 
the tests. Complement was titrated in 0.5 
ml amounts in the presence of 0.25 ml of 
diluted antigen and 0.25 ml of normal 
saline. The hemolytic s}''stem of 0.5 ml of 
1.5% sensitized cells was added, and results 
were read after incubation for 30 minutes at 
37°C. Two full units of complement in 0.5 
ml amounts were used in the tests. Antigen 
was titrated in serial twofold dilutions of 0.25 
ml amounts with serial twofold dilutions of the 
same amounts of a positive serum. Comple- 
ment was added and, after IS hours of icebox 
fixation, the above-mentioned hemol\’’tic sys- 
tem was added. The titration was read after 
incubation for 30 minutes at 38 °C. The 
highest dilution of antigen giving 4 plus fixa- 
tion with the highest dilution of serum was 
considered the unit of antigen. Two units 
in 0.25 ml amounts were used in the tests. 

Serum specimens were diluted in 0.25 ml 
amounts in original dilutions ranging from 1 : 2 
to 1:12S. Tests were carried out in the same 
manner as described under titration of antigen, 
with the exception that the highest serum 
dilution in which 3 phis or greater hsation 
was observed was considered the end point. 
In tests for each day, 2 known positives and 2 
known negative control sera were included, 
as well as a control titration of the comple- 
ment with the same amount of antigen as 
was used in the test. Anticomplen7entary con- 
trols were included for all sera in the lowest 
dilution, and anticomplementary sera were 

8 Van tier Schccr, J». Bobncl, E,, and Cox, II. E., 
Jinmunoloffy, 1P47, 50, 365, 
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TABLE I. yF/mg total N. 



Inorganic 

Acid sol. 

Lipid 

NucL acid 

Normal brain 

22.4 

52.S 

104.0 

20.4 


22.S 

54.0 

109.2 

23.1 


22.9 

50.4 

105.5 

oo d 


24.2 - 

54.5 

104.5 

22.9 


23.0 

52.0 

110.0 

24.1 


23.7 

51.4 

99.0 

24.2 


2 

54.5 

120.S 

3S.4 


21.0 

50.S 

107.3 

26.4 

Encephalitic brain 

20.2 

57.5 

10S.2 

21.6 


23.0 

52.2 

lOS.o 

22.5 


26.0 

52.6 

107.5 

25.5 


oo ^ 

49.5 

107.6 

29.0 

Avg normal 

23.1 

53.3 

107,5 

25.2 

Avg encepbal. 

24-5 

53.0 

lOS.O 

24.S 

P* 

>.562 

>.562 

>.562 

>.562 


‘ * Protein residue 

' ’ Bibosef 

Desoxyribose^ 

Total 

Normal brain 

9.S 

9.9 

7.2 

1S7,0 


9.1 

10.4 

11.1 

196.0 


9.9 

10.7 

lO.S 

195.0 


9.0 

10.6 

10.3 

191.5 


11.1 

10.5 

10.6 

197.0 

< 

9.9 

10.6 

10.3 

1S4.5 


11.1 

11.5 

11.2 

212.0 


11.0 

10.6 

11.4 

196.0 

Encepbalitic brain 

10.2 

S.6 

11.S 

19S.0 


11.6 

10.4 

11.1 

195.0 


10.4 

S.2 

10.5 

196.0 


11.0 

9.1 

10.5 

1S9.6 

Avg normal- 

10,1 

10.6 

10.4 

194.9 

Avg encepbal. 

lO.S 

9.0 

11.0 

194.6 

P* 

.223 

.005 

.3S9 

.500 


* P equals probability that the difference in means as large as that observed here Avould be 
exceeded solely through operation of chance. 

t Calculated from ribose as determined on nucleic acid fraction by orcinol-HCl reaction.^ 
t Calculated from desoxyribose as determined on nucleic acid fraction bv diphenvlamine 
reaction.5 


the separation of phosphorus compounds into 
4 groups; namely, acid soluble, lipid, nucleic 
acid and ‘‘protein residue’’. Because of the 
small amounts of tissue used in the study it 
was felt desirable to use total nitrogen as a 
standard reference rather than wet weight 
of tissue. For this reason it is not possible 
to compare the data presented with those of 
Schneider on rat brain since in Schneider^s 
report the total nitrogen content of the tissue 
was not determined. 

Table I shows the values of phosphorus- 
containing compounds in normal and infected 
brain tissue. 

Coiiciusiofis, Determinations of phosphor- 


us-containing compounds of the whole brain 
tissue taken from normal mice and from 
mice suffering from polio-encephalitis pro- 
duced by the jNIjM poliomyelitis virus did not 
reveal any significant differences in the inor- 
ganic, acid soluble, lipid, nucleic acid, “pro- 
tein residue” or total phosphorus fractions. 
Nor did they show an}" significant differences 
in the desoxyribosenucleic acid content as 
determined by the diphemdamine reaction. 
However, the content of ribosenucleic acid as 
determined by the orcinol-HCl reaction was 
significantly reduced in infected brains as com- 
pared with normal mouse brain tissue. 
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currence of non-specific reaction in low dilu- 
tion of serum would not seem to detract 
greatl}^ from the utility of the test. 

Stnnmary. Complement fixation tests for 
murine typhus were performed upon the sera 
of 203 persons who^ it is highly probable, had 
suffered an attack of murine typhus 7 days 
to 3 ye^rs and 11 months previously. The 
tests were positive in 85 to 88% of the 
cases, and in most instances the positive titers 
were high. Among 201 persons suspected of 
having had typhus, though the diagnosis was 


not conclusively established, the per cent of 
positive reactions was less, but the titers of 
positive sera *did not differ significantly from 
those of the group in which the diagnosis was 
considered to be established. Up to periods 
of 4 years after infection, mean positive titers 
at yearly intervals did not suggest a pro- 
nounced loss of titer with passage of time. 
With the exception of infrequent reactions 
at 1:2 dilutions in the sera of persons who had 
not had typhus, the test was found to be 
specific. 
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Studies on Phosphorus-Containing Compounds in Normal and Polio- 
encephalitic Mouse Brain,^ 


Frank Gollan,! Cntvs P. Barnum, and Ollie Olsen. 

(Introduced b}" M. B. Visscher.) 

From the Depart'ments of Physiology and Physiological Clicmisiryf Vnivcrsiiy of yVumesotat 

Minneapolis, 


Chemical investigations in the field of neu- 
rophysiology have shown that all conditions 
leading to a depressed nerve function are 
associated with a breakdown of phosphocre- 
atine.^ In ner%^e cells in which chromatolysis 
has been produced by axon section a mark- 
edly increased acid phosphatase activity has 
been found. This increased activity was pro- 
portional to the degree of chromatob^sis and 
Avas probably associated with increased nu- 
cleoprotein synthesis or degradation." 

In regenerating neurons which are resistant 
to the infection with the poliomyelitis virus 
a decrease of phosphocreatine could also be 
shown. This change together with the re- 
duction of cytochrome oxidase and succinic 
dehydrogenase activity in regenerating neur- 
ons resembled the effect of cyanide on brain 

* Aided by a grant from the National Found a* 
tion for Infantile Paralysis, Inc. 

t Present address, Samuel S, Pels Research 
Institute, Yellow Springs, Ohio. 

1 Gerard, R. W., nnd Waller, J., Am. A. Physiol, 

1929, 89, lOS. 

sBodian, D., and Mcllors, R. C., Pnoc. Soc. Exp, 
Biou AXD Med., 1944, 55, 245. 


metabolism.^ Changes in the acid soluble 
phosphorus compounds in the brain in polio- 
myelitis have been described, consisting in a 
greatly increased content of adenosine-tri- 
phosphate and a marked!}^ decreased content 
of phosphocreatine and residual organic phos- 
phate."^ 

Expermcfits, In the present studies phos- 
phorus-containing compounds were determined 
in normal mouse brain tissue and compared 
with those found in the brain of animals 
infected with polioencephalitis. Fiv’e weeks 
old mice of the C^H strain received from Uie 
colony of Dr. John J. Bittner, University of 
Minnesota, were inoculated intraperitoneally 
with the jMM poiionn'clitis virus. At the 
height of the infection the nninuls were de- 
capitated, the brain rapidl.v removed and 
homogeniaed in cold 5% trichloracetic acid. 
Phosphorus compounds were determined by 
the method of Schneider''' which allows for 

3 Boclian, D., and IfcIJors, R. C., J, Btol Chem., 
1947, 107, Coo. 

4 Kabat, H., Science, 1044, 00. CX 
-Schneider, W. C., A. Biol Chnn., 104o, t(tt, 

293. 
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TABLE L 

Fertility in Relation to Number of Spormato7.oa, 


No. sperm. ^ ^ Yaginaig 

per insem. Dilution ^ 

X 1000 rate No. eggs % fert. 


92 

1/1000 

10 

100 


7 

100 

G1 

1/1000 

7 

71 



5 

0 

4G 

1/1000 

11 

100 


8 

100 

32 

1/2500 

8 

50 



0 

— 

24 

1/2000 

13 

100 


8 

62 

17 

1/3500 

9 

0 



9 

0 

17 

1/4500 

9 

0 



16 

0 

16 

1/3500 

9 

11 



10 

30 

16 

1/5000 

8 

62 



0 

— 

Group fertility (unweighted avg) 


therefore, 

received approximately 

equal 

amounts of 

suspension 

containing 

approxi- 


mately equal numbers of spermatozoa. 

The insemination was made about V/z to 


33>2 hours after the sterile mating (only 
sperm free seminal fluid deposited in vagina 
by the vasectomized male). Autopsy was 
made 25 to 30 hours after insemination; the 
oviducts were flushed, and fertilization of the 
ova was determined microscopically from the 
presence of 2 to 8 equal blastomeres. 

Results. The findings of the present study 
show that partial fertility can result from a 
very small number of spermatozoa per insem- 
ination, as few as 16,000 (Table I). This 
was true in both vaginal and uterine insem- 
inations. Maximum fertility was obtained 
with a number of spermatozoa around 90,000, 
and fertility was affected greatly when the 
number was cut below 20,000. A negative 
relationship was found between the dilution 
rates and the fertilizing capacity of the 
spermatozoa but the effect of a small number 
of sperm was confounded with the effect of 
high dilution. The effects of dilution rate 
upon motility were observed incidentally but 
the effect of this factor upon fertility also 
was confounded with number and concentra- 
tion. The average fertility resulting from 
vaginal insemination was higher than that 


Uterine group 


— — 

Avg % fert. 

No. eggs 

% fert. 

" ' \ 

Avg % fert. 
1 

100 

8 

100 

100 


0 

— 


36 

5 

0 

0 


G 

0 


'100 

7 

100 

100 


0 

— 


50 

10 

70 

35 


10 

0 


81 

12 

100 

100 


5 

100 


0 

5 

0 

0 


9 

0 


0 

8 

0 

14 


11 

27 


20 

12 

0 

15 


10 

30 


62 

6 

0 

0 


7 

0 


50 



40 


from uterine insemination (50% vs 40%). 
However, statistical analysis of the data from 
the 2 groups failed to show a significant dif- 
ference between them (“t^^ test: P>.05). If 
the vaginal group could have been insemin- 
ated at laparotomy similar to the uterine 
group, the data could be considered more 
critical in comparing the effects of the two 
placements upon fertility. 

Experiment 11. Motility of spermatozoa 
as affected by high dilutions with different 
diluents. The above data show that the 
number of spermatozoa necessary either for 
maximum or for partial fertility is less than 
that previously reported. The discrepancy 
between different results may be due to the 
difference in diluents. The effects of high 
dilution upon motility of spermatozoa in a 
series of dilutions with both 0.9% sodium 
chloride and Krebs solutions were investi- 
gated next. 

Material and methods. Twelve semen sam- 
ples from 9 males were collected at different 
times and diluted in 8 successive dilutions 
with both 0.9% sodium chloride .and Krebs 
solutions from 1:100 to 1:12800. Semen 
was introduced into containers of adequate 
sizes by a 0.01 cc graduated pipette; the 
diluent was then added slowly, and shaken 
gently in order to obtain an even dispersion 
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Fertility in Rabbit as Affected by the Dilution of Semen and the Number 

of spermatozoa.^ 

JPeilieu Cheng and L, E. Caswa, 

From the Department of Genetics^ University of Wisconsin, :dailisoiu 


Walton^ first demonstrated in the rabbit 
that fertility is influenced b}" the number of 
spermatozoa introduced into the vagina; 
maximum fertility was obtained when the 
number of spermatozoa was more than 1^000,- 
000. The semen was diluted in 0.9% sodium 
chloride solution and 3 cc of sernen suspension 
was used per insemination. Rowlands- used 
Baker^s solution to dilute the semen and 2 cc 
of such semen suspension was deposited per 
insemination. He found the same number of 
spermatozoa necessary for maximum fertility 
as Walton did and sterility was reached when 
the number was dropped to 100,000. Chang^ 
also used 0.9% sodium chloride solution as 
the diluent of rabbit semen with only 1 cc 
per insemination, and obtained a much lower 
figure on the number of spermatozoa for 
both maximum and minimum fertility (for 
maximum fertility: 330,000-420,000; for 
minimum fertility: 40,000). Change also 
tested the effect of dilution on the fertilizing 
capacity of rabbit sperm by inseminating the 
same number of spermatozoa suspended in 
various volumes of physiological saline (1.0 
cc, 0.4 cc and 0.1 cc). The advantage ap- 
peared to be with the least volume. 

The present studies attempt to determine 
the minimal number of sperm for fertilit}" 
from insemination into the vagina and into 
the uterine horns with highly diluted semen. 
Further, an attempt was made to determine 
the effects of high dilution with physiological 

* Published ^vith the approval of the Director of 
the Wisconsin Agricultural Experiment Station. 
Paper Ko. 3S0 from the Department of Genetics. 

1 Walton, A., J?oy. Soc. London Froc,, 1927, 
lOlB, 303. 

2 Rowlands, I- W., Kature, 1944, 154, 332. 

3 Cliang, U, G., (In ‘^Tho Problem of Pcrtilitr,'' 
1946. Edited by R T. Engle, Princeton Dniv. 
Press, p. 169), 1946. 

4 Chang, M. C., Science, 1946, 104, 361. 


saline and Krebs solutions upon the motility 
pi spermatozoa. Also die effect of high dilu- 
tion with Krebs, and its consequent effect 
upon motility, upon the fertilizing capacity of 
the sperm was determined. 

Experiment I. FertiJit}^ in relation to 
number of spermatozoa. 

3fafenal ajid mctJwds. Thirty-six female 
rabbits were used in this study. All animals 
were in heat and mated to vasectomized bucks 
to induce ovulation. Semen samples were col- 
lected from 2 or 3 normal males with an 
artificial vagina^ and pooled together. The 
number of spermatozoa was determined from 
the average counts of 2 independent hemo- 
cytometer samples. Four hundred hemocy- 
tometer squares were counted in each case 
and no pairs of counts were accepted which 
showed differences of statistical significance 
between them. The initial motility of sper- 
matozoa was estimated in ranks or grades. 
The semen was then diluted with Krebs so- 
lution, modified according to Lardy and Phil- 
lips^ until the desired number of spermato- 
zoa per unit of volume was obtained and 
then kept in a warm water bath at approxi- 
mately 37°C for the short time until it was 
used. 

Four females were used in each trial with 
2 in each group. In the 'S^aginal group” 
0.2 cc of semen suspension was deposited into 
the anterior portion of the vagina by an in- 
seminating tube; in the ‘^uterine group,” a 
laparotomy was made under light anesthesia 
and 0.1 cc of the same semen suspension was 
injected into the tubal ends of each of the 
uterine horns with a 14 cc tuberculin hj’po- 
derm ic SNTinge. Animals in both groups, 

5 Mflcironc, C., .'icd Wzilton A., L Jyr. Sci., 
1938 , 28, 122 . 

€ Lardy, H. A., nnd PbUbps, P. II., Jmer, J, 
Fhysiot,, 1942 , 138 , 741 . 
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TABLE IV. 

Fertility of Rabbits in Bclation to Dilution and of Spermatozoa. 


Motility 

Tank* Ni 

200,000/cc 

0.1 ee/insein. 

100,000/cc 

0.2 cc/insem. 

50,000/cc 

0.4 cc/insem. 

25,000/ce 

0.8 cc/insem. 

Total 
No. eggs 

ATg% 

fertility 

0. eggs % fert. 

r 

No. eggs 

% fert. 

f — 

No. eggs 

% fert. 

r 

No. eggs 

% feVt. 

1 




C 

0 

8 

0 









11 

91 









7 

0 

32 

22.7 

2 




8 

50 

10 

100 







7 

0 



25 

50.0 

3 


7 

100 

G 

100 

5 

0 





8 

25 









9 

0 





35 

45.0 

4 

9 100 

8 

38 

11 

73 






11 0 



9 

0 



48 

42.2 

5 

7 100 

7 

100 








9 0 

8 

100 








8 100 







39 

80.0 

Total No. 










eggs 

44 

47 


47 


41 


179 


Avg % 










fertility 

GO.O 


G0.5 


37.2 


38.2 




* 1, DO motion nt all; 2, oscillatory motion; 3, motility from 1% to 25%; 4, motUiU- from 25% to 
50%; and 5, motility from 50% to 75%. 


different motility groups, however, showed a 
range of 57.3% from 22.7 for grade 1 motility 
up to 80.0 for grade 5. 

A significant correlation was found between 
motility and fertility, 0.43, but an insignifi- 
cant correlation was shown between sperm 
concentration and fertility, 0.22. The mo- 
tility of the spermatozoa and the sperm con- 
centration showed a rather high correlation, 
0.78. The partial correlation between fertili- 
ty and motility with concentration held con- 
stant was 0.42 whereas between fertility and 
concentration with motility held constant it 
was —0.17 and insignificant. Under the con- 
ditions of high dilutions, the motility of the 
spermatozoa appears to have some value for 
predicting fertility. It also appears that much 
of the deleterious effect of high dilution upon 
fertility of sperm is brought about through its 
inhibitory action upon motility. 

Summary. Female rabbits were insem- 
inated with semen diluted with Krebs solution 
at rates of I/IOOO up to 1/SOOO and 0.2 cc 
of suspension were used. The number of 


spermatozoa effective for- partial fertility was 

16.000, and for maximum fertility was around 

90.000. The group percentage of fertility 
resulting from vaginal insemination was 
slightly higher than from uterine insemina- 
tion (50% vs 40%); this difference was not 
of statistical significance. 

When semen samples were diluted from 
1:100 up to 1:12*800, the motility of the 
spermatozoa decreased significantly as the 
rates of dilution increased and the average 
motility shown in Krebs solution and the 
maximal dilution that would support mo- 
tility was significantly higher than in 0.9% 
sodium chloride solution. 

When females were inseminated with a 
small number of spermatozoa (20,000) sus- 
pended in different volumes of Krebs solu- 
tion, the average percentages of fertility were 
higher in the smaller volumes. The motility 
of the spermatozoa, however, appeared to have 
a greater effect on the fertility than the dilu- 
tion. 
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TABLE IL 

M-ptilify and Highest Eilutioa ShOB-iog Motility of JiaWit Spermatozoa in Two Diluents, 


Sample Ko. 

Avg % motility in S dilutions 
(from 1: 100 to 1:12800) 

Highest dilution 
showing motility 


0.9% NaCl 

Krebs 

0.9% NaCl 

' -V 

Krebs 

1 

29.4 

30.2 

3200 

12800 


2 

21.2 

36.2 

SOO 

3200 


3 

13.1 

24.1 

400 

12S00 


4 

6.4 

. 20.6 

400 

0400 


5 

19.4 

32.0 

800 

0400 


G 

6.3 

10.4 

200 

3200 


7 

13.4 

20.6 

800 

3200 


8 

1.4 

5.1 

200 

400 


9 

30.1 

3S.7 

3200 

6400 


10 

8.1 

13.9 

400 

1600 


11 

23.1 

43.9 

1600 

3200 


12 

0.9 

6.9 

400 

SOO 


Avg 

14.4 

24.1 

1033 

5033 



of spermatozoa. All semen suspensions were 
kept in the warm w^ater bath for 30 minutes 
and the percentage of spermatozoa showing 
progressive motion then estimated. 

Results. Almost without exception, the 
average motilit}^ in the 8 dilutions and also 
the highest dilution rate supporting motility 
was higher for Krebs solution than for the 
0.9% sodium chloride solution (Table II), 
and a trend was shown in both diluents that 


TABLE III. 

Progressive Motility of Babbit Spermatozoa in 
Dilutions from 1:100 to 1:12800. 



Avg percentage motility in 


^ ■ 

■ ■ s 

Dilution 

0.9% NaCI 

Krebs 

1: 100 

48.3 

57.9 

1: 200 

37.7 

47.0 

1: 400 

18.2 

35.5 

1: 800 

8.0 

23.8 

1: 1600 

2.5 

17.4 

1: 3200 

0.5 

S.6 

1; 6400 

0 

1.2 

1:12800 

0 

0.6 

Avg 

14.4 

Tft 

Cl 


the higher the dilution rate the lower the 
motility (Table III). Statistical analyses 
showed that the motility of spermatozoa 
varied significantly from one dilution to an- 
other, and the average difference between the 
diluters was also highly significant test, 
P<0.01). 

Experiment IIL > Fertility as affected by 
rates of dilution and motility of spermatozoa. 


The low motility observed in the high dilu- 
tions causes one to recall the results in 
Experiment I, in which the rates of dilution 
were from 1/1000 up to 1/5000. Consider- 
ing the fact that the average highest dilution 
showing motilit}’’ w^as 1:1033 in 0.9% sodium 
chloride solution and 1:5033 in Krebs solu- 
tion, it \vas suspected that the motility of 
the spermatozoa is one of the deterwining 
factors in fertilization and the difference in 
solutions accounts for the discrepancy be- 
tween present results and those of former 
workers. The effect of dilution upon the 
fertilizing capacity of the spermatozoa wvis 
therefore studied next. 

Mafcnal and methods. The same small 
number of spermatozoa, viz., 20,000 all from 
the same sample of semen, w'ere suspended in 
0.1 cc, 0.2 cc, 0.4 cc and O.S cc of Krebs 
solution. Four animals were used for each 
trial, each animal received a different volume 
of suspension; altogether there were 7 trials in 
this study. The same procedure as men- 
tioned in Experiment I was followed except 
the semen suspension ^vas deposited in the 
vagina in all animals. The motiliti” of sper- 
matozoa w’as estimated on each semen sus- 
pension before the insemination. 

Results* The fertility data are based on 
22 animals; the remaining 6 failed to ovulate. 
The average fertiJit}' in each of the 4 dif- 
ferent volume groups wms: O.I cc, 60.0%; 
0.2 cc, 60.5%; 0.4 cc, 37.2%, and 0.8 cc, 
38.2 %> (Table IV) for a range of 23.3%, The 
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although natural and synthetic nucleosid^ 
are beta-glycosides, the sugars difter in their 
ring structures. For these reasons the syn^ 
thetic nucleosides might be expected to show 
microbiological properties different from uri- 
dine and from the uracil and thymine deriva- 
tives. 

Results obtained in testing these synthetic 
nucleosides as possible metabolite antagonists 
for various microorganisms are reported in 
this paper. 

Tests With Escherichia coU. Two strains 
of E. coll were used: a uracil-requiring mu- 
tant strain (550-460) t and a strain (Ameri- 
can T}^e Culture Collection No. 9723) which 
synthesizes its own uracil. Good growth of 
the uracil mutant was obtained when uracil 
(0,005 to 0.04 mg per 7.5 ml) or natural uri- 
dine^ (0.01 to 0.1 mg per 7.5 ml) were 
added to the medium described by hlacLeod.^^ 
The tests with this mutant were carried out 
in the presence of 0.015 or 0.02 mg of uracil 
per 7.5 ml of medium. These levels of uracil 
permitted about 50% of normal gro\\th. 
When the uracil and thjmine derivatives 
were tested in concentrations up to 1 mg per 
7.5 ml of medium, onh'^ 5-chlorouracil was 
slightly stimulator}^ ^Yhile none of the follow- 
ing showed any growth-promoting or growth- 
inhibiting properties: 1-D-ribosyluracil, l-D- 
arabinosyl uracil, 1-D-glucosyluraciI, 1-D-ga- 
lactosyluracil, 1-D-ribosyl- 5-chlorouracil, 1- 
D-arabinosyl-5-chlorouracil, 1-D-gIucosyl-S- 
chlorouracil, l-r)-galactosyl-5-chlorouracil, 1- 
D-ribosyl-5-bromouracil, 1-D-arabinosyl - 5 - 
bromouracil, l-D-glucosyl-S-bromouracil, 1- 
D-galactosyl-S-bromouracilthymine, l-D-ribo- 
sylthymine, 1-D-arabinosylthymine, 1-D 
glucosylthymine, and 1-D-gaIactosylthymine. 
None of these compounds, when tested in 
concentrations up to 20 mg per 7.5 ml of 
medium, inhibited the growth of the American 

t The cultures of coli, American Type Cul 
ture Collection No. 9723 and the uracil mutant, 
E, coli, (550-460), were obtained tbrougb the 
courtesy of Dr. J. O. Dampen of the American 
Cyanamid Company of Stamford, Conn. 

$ The authors are indebted to Dr. Hubert Loring 
of Stanford University for a generous sample of 
natural uridine. 

S2. MacLeod, C. M., J. Exp, :Med., 1940, 72, 217. 


T\pe Culture Collection No. 9723 strain of 
£, coU. 

Tests with Neurospora crtfTja.il The wild 
strain of Neurospora crassa, Abbott 4 A was 
grown in the medium described by Horondtz 
and Beadle.^^ With the uracil-less mutant, 
Neurospora crassa, 129S, a t\pical growth 
curve was obtained when either uracil or 
natural uridine^ was added to the medium. 
To obtain high enough concentrations without 
using too much of the various compounds, 
all tests with Neurospora were carried out in 
10 ml of medium. In this amount of medium 
maximum growth was equivalent to 20 to 30 
mg of dried mycelia. All tests with the 
uracil-less mutant were carried out in the 
presence of 0.1 mg uridine in 10 ml of 
medium. Of all the compounds listed in the 
previous section, when tested in concentra- 
tions up to O.S mg per 10 ml of medium, only 
5-chlorouracil slightly stimulated the growth 
of the uracil-less mutant. None of the com- 
pounds in concentrations up to 20 mg per 
10 ml inhibited the growth of either the wild 
or uradl-less strains of Neurospora, 

Tests with Lactobacillus casei. All tests 
with L, cosei (American Type Culture Collec- 
tion, No. 7469) were carried out in the 
medium and according to the procedure de- 
scribed by Luckey, Briggs, and Elvehjem.^'* 
In the absence of added ptero3dglutamiC acid 
the growth reached a level of 20 turbidity 
units, whereas the addition of 0.010 mg of 
thymine permitted maximum gro\\th equiva- 
lent to 130 turbidity units. The following 
compounds consistently stimulated the growth 
of L. cosci: (The percentage values given in 
the parentheses indicate the relative molar 
activity as compared with thymine taken as 
100%): 1-D-ribosylthymine (1.0%), 1-D- 
glucosylthymine (1.4%), 1-D-gaIactosyl thy- 
mine (0.5%), and l-D-arabinosyl-S-chlor- 
ouracil (0.3%). In the presence of 0.002 
mg of thymine per 10 ml medium the follow- 

11 The authors vrisli to thank Dr. Herschel Mitch- 
ell and Dr. Hubert Loring for kindly supplying 
cultures of Neurospora, 

IS Horowitz, N. H., and Beadle, G. IV., J, Bioh 
Chcm,, 1943, 150, 325. 

^ 14 Luckey, T. D., Briggs, G. M., Jr., and Elveh- 
jem, C. A., J, BioL Chem., 1944, 152, 157. 
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Some Microbiological Properties of Synthetic Nucleosides.* 

Karl Dittmer^ Irving Goodman^ Donald Visser/ and Hester P. JMcXultv. 
From the Department of Chemistry, Vniversity of Colorado, DouhJcr, Colo. 


Increasing interest in the roles of pyrimi- 
dines, purines, nucleosides, and other nucleic 
acid derivatives in the living cell has directed 
the attention of many investigators to various 
biological systems which utilize these com- 
pounds. Through X-ra}' irradiation, Beadle 
and co-workers^ obtained mutants of Neuro- 
spora crassa which required added uracil or 
uridine for growth. Likewise, mutants of 
Escherichia colt which require uracil for 
normal growth have been developed and 
studied.- 

The X. cosei factor (pteroylglutamic acid) 
requirements for the growth of LactobacUhts 
casei, Streptococcus faecal is R, and certain 
other microorganisms can be fulfilled by thy- 
mine.® 

Because specific metabolite antagonists 
have been useful in determining some of the 
biological functions of metabolites as well as 
changing the growth diaracteristics of living 
cells, we S 3 mthesized a number of derivatives 
of uraciP and th\Tnine‘''' as possible antagon- 
ists of these metabolites. The possibility that 
these derivatives might enhance the activit)^ 
of the corresponding natural metabolite was 
equall}^ interesting. 

* Tins worR tvas started iritli t^ie of a Uni- 
versity of Colorado Research Grant and continued 
iu part by a research contract with tlic Office of 
Naval Kesearch. 

t Present address : Dcpartincnt of Biochemistry 
and Nutrition, University of Southern California 
School of Afedicinc, Los Angeles, CaUfornin. 

1 Tatum, E. E., and Beadle, G. W., Groivth^th 
growth symposium, 1942, €, 27. 

2 Lampen, J. 0., and Boepke, R. R.> Unpublished 
data. Sec Roepke, R. R., Libby, R. L., and Smith, 
M. H., X Fact., 1944, 48, 401. 

3 Stokes, J. L., X Bad., 1944, 48, 201. 

4Visscr, U., B'jttnier, K., and Goodman, I., 

J, Biol- Chem., 1947, 171, 377. 

•sVisscr, D., Goodman, I., and Dittmcr, K., 
X Aut. Chem. Soc., 194S, 70, 192C. 


Emerson and co-workers® found Oiat a 
specific antagonist of riboflavin was obtained 
when the ribityl group was replaced by a 
dulcitjd group. This suggested tlie possibility 
of producing an antagonist of uridine by sub- 
stituting galactose or other sugars for ribose 
of the nucleoside molecule. 

Kuhn and co-workers" reported the 6,7- 
dichloro derivative of riboflavin as a specific 
antagonist of riboflavin. Hitchings, Falco 
and Sherwood® found that 5-chIorouracil and 
5-bromouracil were antagonists of tlnmune. 
In both of these instances the substitution of 
a chlorine atom for a methyl group produced 
an antagonist. Since Loring and Pierce® 
found natural uridine from 10 to 60 times 
more effective than uracil as a growth pro- 
moter for a uracil-less mutant of N euros pora, 
it seemed possible that the ribosN'l and other 
glycosyl derivatives of 5-chIoro- and 5-bro- 
mouracil might be more effective thymine 
antagonists than 5-chIorouraciI or 5-brom- 
ouracil. 

To test these various possibilities, tlie ribo- 
syl, arabinosid, glucos^i, and galactosyl nu- 
cleosides of uradP and th 3 'niine*''’ were syn- 
thesized, as well as the corresponding 5- 
chloro- and 5-bromouraciI derivatives. Al- 
though S 3 mthetic l-D-rjbos\duracil is chemi- 
calh’' similar to naturalh" occurring uridine it 
has different physical properties.^® Recent 
work of Todd and co-workers suggests that, 

c Emerson, G. A., Wiirtz, E,, mid Jolinson, 0. H., 
X Biol. Chem., 1945, 100, 1G5. 

r Kulin, R., We.vg/ind, F., and Aldllcr, E. P., 
Bcr., 1943, 70, 1044. 

s Jlitcliings, G. II., Ealco, E. A,, and Sherwood, 
31. B., Seieuee, 1943, 102, 251. 

Loring, H. S., and Pierce, J. G., X Biol. Chrm., 
1944, 158, Cl. 

10 Hilbert, G. E., and Johnson, T. B., J. Jm. 
Chem. Soe., 1930, 52, 44S9. 

iiDavolI, J., LytIJgoc, B., and Todd, A. It., 

J. Chem. Soc.f 1940, S33. 
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Effects of Dehydrating Agents on Phosphatases in the L>Tnphatic Nodules of 

the Rabbit Appendix. 

William: L. Doite,* 

From Uie Department of Anatomp, Z/niversitp of Chicago. 


In the course of a study on the quantitative 
correlation between phosphatase activities and 
histological changes in hinphatic tissue it 
has been necessar}" to determine storage prop- 
erties and stability to dehydration of these 
enz3^nies in our material. The rabbit appen- 
dix was selected because it presents an almost 
diagrammatically homogeneous distribution of 
lymphatic nodules over a large area. This 
arrangement is ideal for histochemical ex- 
amination of the effects of experimental 
modifications.^ Rabbits were killed with 
nembutal and the. appendix promptl}^ re- 
moved, washed with saline, drained, weighed 
and dehydrated as indicated or minced and 
homogenized fresh. Strips weighing about 
one gram each were made up to 20 ml of 
homogenate. Determinations were carried 
out in triplicate at 30°C and 40''C with 
2. 5-5.0 mg of fresh weight of tissue in sus- 
pension. Disodium phen\dphosphate (0.5%) 
was used as substrate with barbital or gtycine 
buffers. The reaction was stopped at the 
end of 30 minutes addition of Folin-Cio- 
calteau phenol reagent. No activation was 
found with added magnesium. Tissues to 
be dehydrated were dropped into 50 volumes 
of absolute acetone, 80% acetone, absolute 
alcohol, 80% alcohol, absolute methyl alcohol 
(all at room temperature) or into isopentane 
chilled in liquid nitrogen. The samples frozen 
in isopentane were dehydrated at ~40^C ui 
vacuo. The other samples were left in the 
fixative at 5^C for 24 hours and then drained 
and homogenized in water in a PoUer-Elveh- 
jem homogenizer. 

Alkalwe phosphatase. The optimum for 
alkaline phosphatase activity was found to 

* This ^vork atos aided in part by a grant from 
the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 

IDe Bruyn, P. P. H., Aanf. Dec., 194S, 101, in 
press. 


be at pH 9.8 with 20% less activity at 9.6 
and 10.1. Freshly homogenized appendix 
gave values for 6 different rabbits of 7.0 to 
11.0 /tg phenol liberated per milligram fresh 
weight of tissue in 30 minutes at 30°C. The 
activity at 40 ®C was 1.35 times as great. 
Single values in the triplicate determinations 
at each step agreed within 1%. Taking the 
fresh homogenate as 100% activity we found 
in the different specimens 95 ±: 5% activity 
after storage of the homogenate at 5° C for 
24, 48, 72 and 96 hours. The frozen dried 
tissue gave 85 ±: 8% of the fresh value at 
periods of 1, 48 and 96 hours after homogeniz- 
ing. After fixation in absolute methyl alcohol 
only 15% activity remained. 'WTien fixed for 
24 hours in acetone or alcohol and then 
homogenized, the immediate values were as 
follows: absolute acetone, 80% acetone and 
absolute alcohol gave 75 5% of the fresh 

activit}^: 80% alcohol gave 65 ±: 5% activity. 
The acetone or alcohol fixed enzyme prep- 
arations underwent further inactivation upon 
storage as homogenates at at comparable 
steady rates so that 72 hours later about 
two-thirds of the initial values after fixation 
were obtained. Each of these fixed samples car- 
ries about 3% of the fixative into the homo- 
genate suspension. In this material 80% al- 
cohol has alwa 3 ^s presented less alkaline phos- 
phatase activity than either absolute alcohol 
or acetone which is at variance with the 
results of Stafford and Atkinson.- rThe frozen 
dried material has onl\’ slightl 3 " higher activitt" 
than the absolute alcohol and acetone fixed 
material but it is as stable upon storage as 
are fresh tissue homogenates. Frozen dried 
material stored dr 3 " in a desiccator at 25°C 
for 3 days showed a decrease of activit\" to 
about 30% but retained full activity for* two 
weeks when stored at --20''C. 

- Stafford, P. 0., and Atkinson, W. B., ScieneCy 
1947, 107, 297. 
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ing compounds were slight!}" stimulatory, 
whereas in the absence of tliymine they were 
inactive: l-D-glucosyl-5-chlorouracil, 1-D- 
galactosyl-o-chlorouracil, l-D-arabinosylo- 
bromouracil, and I-I)-gIucosyl-5-bromouraciJ. 
The following compounds were completely in- 
active when tested up to concentrations of 
LO mg per 10 ml of medium: 1-D-arabinosyl- 
thyniine, uracil, 5-chlorouracil, natural uri- 
dine, 1-D-ribosyIuraciI, l-D-arabinosyluracil, 
lyD-glucosvluracil, 1-D-galactosyluracil, 1-D- 
ribosyl-S-chlorouracil, I-D-ribosyl-S-bromour- 
acil, and l-D-galactosyl-5-bromouracil. At 
concentrations of LO mg per 10 ml of medium 
none of the compounds showed any growth 
inhibitory properties, except uracil and 5- 
chlorouracih"^ which inhibited the growth in 
the presence of 0.002 mg of thymine. At 
concentrations of 20 mg per 10 ml of medium 
some of these synthetic nucleosides were 
slightly inhibitory. 

Tests with Streptococcus faecalis R, The 
tests with Strep, jaecalis (American Type 
Culture Collection, No. 8043) were made in 
the medium and according to the procedure 
referred to above.^^ The results obtained 
were almost identical with those obtained with 
L, case}. The compounds which showed some 
stimulation in the absence of thymine were: 
l-D-ribosylthymine (2.2%), 1-D-galactosyl- 
thymine (0.7%), and 1-D-glucosylthymine 
(1.1%). The -following compounds were 
slightly stimulatory in the presence of 0.002 
mg of thymine per 10 ml of medium but were 
inactive alone: l-D-ribosyl-5-chlorouraciI, 1- 
D-arabinosyl-5-chlorouracil, 1 -D-glucosyl-5- 
chlorouracil, l-D-galactosyl-5-chIorouraciI, 1- 

% The authors svish to thank Dr. C. A. El veil j cm 
for a culture of Strep, faccnlis 7?. 


D-nbosyl-5-bromouracil, 1-D-arabinosyl-S- 
bromouracil, l-D-gIucosyI-5-broraouracil, and 
l-D-galactosyl-5-bromoiiraciI. None of the 
other compounds showed any growth-promot- 
ing activity. 

At a concentration of 0.020 mg per 10 ml 
of medium 5-chlorouraciI inhibited the growth 
to 100% in the presence of 0.002 mg of 
thymine. None of the other compounds up' 
to a concentration of 1,0 nig per 10 ml 
showed any growth-inhibitory properties. 
However, when the concentration of these 
compounds was greatly increased, some of 
them were toxic. Galactosyluracil and 5- 
chlorogalactosyluracih at levels of 10 and 5 
mg, respectively, inhibited the growth to 50% 
of that obtained with 0.002 mg of thymine. 

Summary. A number of synthetic nucleo- 
sides, and chloro- and bromo- derivatives of 
these nucleosides, were tested for growth-pro- 
moting and growth -inhibiting properties on 
Escherichia coUj strain 9723, and its uracil-re- 
quiring mutant, E, coli, strain 550-460; Nettro- 
spora crassGj wild strain Abbott 4A, and a 
uracil-less strain of N euros pora crassa, No. 
1298; and on the growth of Lactobacillus 
cosci and Streptococcus faecalis R, 

The compounds tested were the 1-D-ribo- 
syl-, l-D-arabfnosyl-, 1-D-glucosyl-, and L 
D-galactosyl- nucleosides of uracil, thymine, 
5-chlorouracil and of 5-bromoiiraciL Of 
these 16 compounds, only a few at high 
concentrations showed inhibitory properties 
on the growth of the microorganisms tested. 
Some showed slight, but insignificant, growth- 
stimulator}" activity. 

The authors wisli to show their appreciation to 
Miss Ann Coblenz, Miss Janet Tozer, Miss Evelyn 
Wyatt, and Mrs. Charmion McMillan for carrying 
out some of the microbiological tests. 



43 


16612 

Effects of Dehydrating Agents on Phosphatases in the Lymphatic Nodules of 

the Rabbit Appendix. 

William L, Doyle * 

From ilic Vepartmcnt of Anatomy, Vniversity of Chicago. 


In the course of a study on the quantitative 
correlation between phosphatase activities and 
histological changes in b^mphatic tissue it 
has been necessary to determine storage prop- 
erties and stability to dehydration of these 
enzymes in our material. The rabbit appen- 
dix was selected because it presents an almost 
diagrammatically homogeneous distribution of 
lymphatic nodules over a large area. This 
arrangement is ideal for histochemical ex- 
amination of the effects of experimental 
modifications.^ Rabbits were killed with 
nembutal and the . appendix promptly re- 
moved, washed with saline, drained, weighed 
and dehydrated as indicated or minced and 
homogenized fresh. Strips weighing about 
one gram each were made up to 20 ml of 
homogenate. Determinations were carried 
out in triplicate at 30'’C and 40°C with 
2. 5-5.0 mg of fresh weight of tissue in sus- 
pension. Disodium phenylphosphate (0.5%) 
was used as substrate with barbital or glycine 
buffers. The reaction was stopped at the 
end of 30 minutes by addition of Folin-Cio- 
calteau phenol reagent. No activation was 
found with added magnesium. Tissues to 
be dehydrated were dropped into 50 volumes 
of absolute acetone, 80% acetone, absolute 
alcohol, 80% alcohol, absolute methyl alcohol 
(all at room temperature) or into isopentane 
chilled in liquid nitrogen. The samples frozen 
in isopentane were dehydrated at ~40°C in 
vacuo. The other samples were left in the 
fixative at for 24 hours and then drained 
and homogenized in water in a Potter-EIveh- 
)em homogenizer. 

Alkaline phosphatase. The optimum for 
alkaline phosphatase activity was found to 

* This work -was aided in part by a grant from 
tlic Dr. Wallace C. and Clara A. Abbott Memorial 
rvmd of tbo UnircTsity of Cliicago. 

JDc Bruyn, P. P. II., Jnat. 2!cc., 1048, 101, in 
press. 


be at pH 9.8 with 20% less activity at 9.6 
and 10.1. Freshly homogenized appendix 
gave values for 6 different rabbits of 7.0 to 
11.0 fig phenol liberated per milligram fresh 
weight of tissue in 30 minutes at 30°C. The 
activity at 40 was 1.35 times as great. 
Single values in the triplicate determinations 
at each step agreed within 1%. Taking the 
fresh homogenate as 100% activity we found 
in the different specimens 95 rfc 5% activity 
after storage of the homogenate at 5° C for 
24, 48, 72 and 96 hours. The frozen dried 
tissue gave 85 ±: 8% of the fresh value at 
periods of 1, 48 and 96 hours after homogeniz- 
ing. After fixation in absolute methyl alcohol 
only 15% activity remained. When fixed for 
24 hours in acetone or alcohol and then 
homogenized, the immediate values were as 
follows: absolute acetone, 80% acetone and 
absolute alcohol gave 75 zh 5% of the fresh 
activity: 80% alcohol gave 65 ih 5% activity. 
The acetone or alcohol fixed enzyme prep- 
arations underwent further inactivation upon 
storage as homogenates at 5°C at comparable 
steady rates so that 72 hours later about 
two-thirds of the initial values after fixation 
were obtained. Each of these fixed samples car- 
ries about 3% of the fixative into the homo- 
genate suspension. In this material 80% al- 
cohol has always preserved less alkaline phos- 
phatase activity than either absolute alcohol 
or acetone which is at variance with the 
results of Stafford and Atkinson.^ The frozen 
dried material has only slightly higher activity 
than the absolute alcohol and acetone fixed 
material but it is as stable upon storage as 
are fresh tissue homogenates. Frozen dried 
material stored dry in a desiccator at 2S®C 
for 3 days showed a decrease of activity to 
about 30% but retained full activity for two 
weeks when stored at -20^C, 

- Stafford, It. 0., and Atkinson, W. B,, Science, 
1947, 107, 297. 
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ing compounds were slightly stimulatory, 
whereas in the absence of thymine they were 
inactive: i-D-glucosyl'S-chlorouracil, l-D- 
gaIactosyl-5-chlorouraciI, l-D-arabinosyI-5- 
bromouracil, and l-D-gIucosyl-5-bromouraciL 
The following compounds were completely in- 
active when tested up to concentrations of 
1.0 mg per 10 ml of medium; l-D-arabinos\d- 
thymine, uracil, 5-chlorouraciI, natural uri- 
dine, l-D-ribosjduracil, 1-D-arabinosyluracil, 
1-D-glucosyl uracil, 1-D-galactosyIuracil, 1-D- 
ribosyl-S-chlorouracil, I-D-ribosyl-5-bromour- 
acil, and l-D-galactosyl-5-bromouracil. At 
concentrations of 1.0 mg per 10 ml of medium 
none of the compounds showed any growth 
inhibitory properties, except uracil and 5- 
chlorouraciP which inhibited the growth in 
the presence of 0.002 mg of thjmiine. At 
concentrations of 20 mg per 10 ml of medium 
some of these synthetic nucleosides were 
slightly inhibitor 3 ^ 

Tcsfs with Streptococcus faecal is R. The 
tests with Strep, jaecalis (American T\'pe 
Culture Collection, No. 8043) were made in 
the medium and according to the procedure 
referred to above.^^ The results obtained 
were almost identical with those obtained with 
L, case}. The compounds which shon'ed some 
stimulation in the absence of thymine were: 

1 *-D-ribos 3 d thymine (2.2^), 1 -B -galactos 3 d- 
th 3 ^mine (0.7%), and I-D-glucosylth}^mine 
(1.1%). The following compounds were 
slightly stimulatory in the presence of 0.002 
mg of thymine per iO ml of medium but were 
inactive alone: l-D-ribos3d-5-chlorouracil, 1- 
B-arabinosvd-o-clilorouracil, l-D-’gIucos3d-5- 
chlorouracil, I-D-galactosyl-S-chlorouracil, 1- 

^ The authors Avish to thank Or. C. A. EIvchjem 
for ji culture of Sitci). faccaUs U. 


D-ribosylo-bromouracil, l-D-arabinosybS- 
bromouracil, I-D-glucos3d-5-bromouracil, and 
l-D-galactosyl-5-bromouraciL None of the 
other compounds showed an}’ growth-promot- 
ing activ^t\^ 

At a concentration of 0.020 mg per 10 ml 
of medium 5-chIorouracil inhibited the growth 
to 100% in the presence of 0.002 mg of 
th 3 'mine. None of the other compounds up' 
to a concentration of 1.0 mg per 10 ml 
showed an}'’ growth-inhibitor}* properties. 
However, when the concentration of these 
compounds was greatly increased, some of 
them were toxic. Galactos}’! uracil and 5- 
chloroga la ctosyl uracil, at levels of 10 and 5 
mg, respectii’el}', inhibited the growth to 50% 
of that obtained with 0.002 mg of thymine. 

Sumuary. A number of synthetic nucleo- 
sides, and chloro- and bromo- derivatives of 
these nucleosides, were tested for growth-pro- 
moting and growth-inhibiting properties on 
Escherichia coVij strain 9723, and its uracil-re- 
quiring mutant, E. co//, strain 550-460; Ncuro- 
spora crassa, wild strain Abbott 4A, and a 
uracil-less strain of N euros pora crassa. No. 
1298; and on the growth of Lactobacillus 
easel and Streptococcus faecal Is R. 

The compounds tested were the l-D-ribo- 
syl-, 1-D-arabinosyl-, 1-D-gIucosyl-, and I- 
D-galactosyl- nucleosides of uracil, thymine, 
5-chlorouraciI and of 5-bromoiiracil. Of 
these 16 compounds, only a few at high 
concentrations showed inhibitory properties 
on the growth of tlie microorganisms tested. 
Some showed slight, but insignificant, growth- 
stimulator}’’ activity. 

The nuthors 'wish to show their appreciation to 
Miss Ann Coblenz, ^liss Janet Tozer, Miss Evelyn 
Wyatt, and ^frs. Charmion ^rcMiUau for carrying 
out some of the microbiological tests. 
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(In collaboration with Walter A. Mickle and Thomas J. Oliver.) 

From the Bespiratory Diseases Comvnssion Lal^oratory, BegionaX Station BospitaX, Section 2, 

Fort Braggj X, C4 


The role of bacteria in the pathogenesis 
of the common respiratory diseases has not 
been clearly defined. Attempts have been 
made to correlate the pharyngeal flora with 
the presence or absence of upper respiratory 
infection and to determine whether or not 
changes in flora occur during the course of 
illness.^"^'* The results have been inconstant 

* This investigation was supported through the 
Commission on Acute Respiratory Diseases, Board 
for the Investigation and Control of Influenza and 
Other Epidemic Diseases in the Army, Office of 
the Surgeon General, U, S. Army, and by grants 
from the Commonwealth Eund, the IV. K. Kellogg 
Foundation, the John and Mary E. Marble Foun- 
dation and the International Health Division of 
the Rockefeller Foundation to the Board for the 
Investigation and Control of Influenza and Other 
Epidemic Diseases for tlie Commission on Acute 
Respiratory Diseases. 

t Members and professional associates of the 
Commission on Acute Respiratory Diseases were: 
John H. Dingle, Director; Theodore J. Abernethy; 
George F. Badger; Joseph W, Beard; Norman L. 
Cressy; A. E. Feller; Irving Gordon; Alexander 
D. Langmuir; Charles H, Rammelkamp, Jr.; Elias 
Strauss; Hugh Tatloek. 

+ Now located at the Department of Preventive 
Medicine, School of Medicine, AVestern Reserve 
University, Cleveland, Ohio. 
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and difficult to interpret. Consideration of 
the methods employed suggests that technical 
and nutritional limitations may have been 
responsible, in some instances, for apparent 
differences in flora, while in other instances, 
such limitations may have obscured changes in 
flora that were present.^- A study has there- 
fore been made to define some of the problems 
of interpreting the results of pharyngeal cul- 
tures and to develop a technic that would yield 
reproducible as well as interpretable data. 
The investigations were carried out in con- 
junction with other studies on respiratory 
disease.^^"^® 

This report presents certain of the results 
under 3 headings: a) technic, b) quantitative 
growth and nutritional interdependence, and 
c) use of a selective medium for detecting 
6e/ff-hemoIytic streptococci, 

Techme. Two of the technical difficulties 
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Acid phosphatase. iMaxinial acid phos- 
phatase activity was obtained at pH 5.6 - 5.8 
with about 10% less activit}’’ at 5.4 and 6.2. 
The freshly homogenized tissues gave indi- 
vidual values for the same 6 rabbits ranging 
from 10 to 14 fxg phenol liberated per mg 
fresh weight of tissue in 30 minutes at 30®C. 
Taking the value one hour after homogenizing 
as 100% activity we found upon storage at 
S^’C: 75% activity after 24 hours, 70% 
after 48 hours, and 55% after 96 hours. 
Acetone (S0% or 100%) preserved 25% of 
the fresh activity and upon storage of the 
homogenate for 72 hours this decreased to 
15%. Alcohol (80% or 100%) preserved 
15% of the fresh activity and upon storage 
as homogenate this declined rapidly (24 
hours) to 2%. Methyl alcohol left negligible 
act^vit 3 ^ The frozen dried tissue gave 85% 
of the fresh activity and after 48 hours had 
70% of the initial fresh value ^Yhich was the 
same as that of the fresh material after storage 
for the same period. Frozen dried material 
stored in a desiccator at 25*^0 for 3 
days showed a decrease of activity to about 
15% but was stable at ~20'"C. 

Effect of temperature of fixation. In a 
subsequent series of experiments with 4 rab- 
bits it was found that for acetone fixed 
material distinctly better cytological fixation 
and better preservation of both alkaline and 
acid phosphatase was obtained when tissues 
were dropped into acetone at -20° C and 
stored at this temperature for 48 hours. 

Effect oj embedding in paraffin. A sample 
of acetone fixed material with an activity of 
9.3 yg phenol per mg fresh weight at pH 
5.6 and 8.4 fig phenol per mg fresh weight at 
pH 9.8 was transferred to benzene and then 
to paraffin, at 60°C for 1 hour. A paraffin 


block was made and stored 24 hours at 5“C. 
Most of the paraffin was cut away and the 
small block extracted with carbon disulfide 
at 40°C in a Soxhlet apparatus. When 
homogenized in water this material showed 
60% of the acid phosphatase activity of the 
original acetone fixed material and 55% of 
the alkaline phosphatase activit 3 \ Anah'ses 
of sections in whidi the weight of the section 
was estimated from its calculated volume is 
consistent with these findings. In the work 
on sections it was found that the phosphatases 
were stable in the paraffin block even at 
room temperature for several da 3 's but that 
sections in paraffin ribbons deteriorated at 
room temperature although the 3 »’ were stable 
for a week at -20° C. 

Summary and Conclusions. Alkaline phos- 
phatase in the rabbit appendix is almost as 
well preserved b\" fixation in chilled acetone 
as by the freezing drying technic. Acid phos- 
phatase on the other hand is distinctly bet- 
ter preserved b 3 '^ deh 3 ’dration in the frozen 
state than after acetone fixation. Acid phos- 
phatase activities are maximal when deter- 
mined prompth^ on fresh homogenates. Frozen 
tissues deh 3 "drated in the frozen state and 
stored dry at -20 °C gave acid phosphatase 
activities equal to 85% of fresh values and 
for homogenates stored at 5°C for 24-96 
hours the values of fresh and frozen prepara- 
tions were identical. Acetone and alcohol 
fixation gave marked reduction in acid phos- 
phatase activity. Alkaline phosphatase ac- 
tivit 3 ^ of fresh tissue is reduced to about 
75% of the fresh value by treatment with 
acetone or absolute alcohol at room tempera- 
ture. The effects of temperature of fixation, 
storage in the dr\" state and embedding in 
paraffin are noted. 



Bacterial Flora of the Pharynx 


47 


TABh'E n. 

Eelativc Frequency of Various Organisms in a Scries of Experiments in V'iiich Five Plates 

"Were Prepared from Each Swab. 





Headings* 
Plate No. 



Swab No. 

r 

1 

2 

3 

4 

5 

1 

Pctfl-hemolytic streptococci fa) 

0 ’ . 0 o' 

0 

1 

9 

0 

0 

0 

0 

1 

lo 

+ 

+ 

4" 

4- 


20 

0 

O 

o 

1 

3 

6 

22 

0 

13 

3 

3 

G 

30 

-U 

t 

4- 

4“ 

4- 

4- 

33 

4- 

4> 

4- 

4- 

4- 

4 

K.r 

NB 

nflxienzae (a) 

0 15 

15 

0 

5 

7 

0 

0 

5 

0 

8 

4 

0 

' 13 

0 

0 

12 

1 

0 

0 

0 

0 

13 

o 

0 

0 

3 

3 

U 

0 

4 

0 

2 

o 

15 

3 

0 

5 

i 

2 

IG 

2 

B 

0 

0 

0 

18 

0 

1 

0 

7 

1 

21 

4- 

6 

4- 

4* 

4- 

4- 

22 

1 

1 

0 

0 

23 

11 

c 

12 

7 

9 

24 

0 

1 

0 

0 

2 

28 

4* 

-u 

4- 

+ 

4“ 

29 

10 

14 

15 

9 

IS 

30 

0 

0 

3 

0 

2 

31 

4-+4-4- 

4-4 — ! — h 

++++ 


4 — ! — 1 — h 

32 

10 

5 

8 

2 

14 

34 

+4“ 4- 

4*4-4- 

4- 4“ 4- 

‘4-4-4- 

4 — i — \~ 

35 

4- 

u. 

t 

4- 

4- 

O- 

1 

a. 

0 

aureus (b) 

11 0 

2 

2 

5 

1 

0 

0 

0 

0 

8 

0 

0 

0 

0 

4* 

11 

2 

1 

0 

0 

6 

17 

0 

8 

0 

0 

0 

18 

0 

0 

0 

0 

1 

20 , 

0 

0 

3 

0 

0 

11 

T O 

i7. hcmolyiicvs 
0 1 

(C) 

0 

4 

0 

lli 

“1 o 

0 

3 

0 

0 

3 

id 

14 

10 

19 

O A 

3 

7 

12 

11 

8 

0 

0 

1 

0 

0 

5 

1 

3 

6 

2 

0 

2 

0 

0 

0 


3 

2 

4 

0 

1 

* NB Not Bead, 
counted if less than 20. 

Numerals indicate 

number of colonies 

of the organisms, which were 


I 

(a) 1-3 d; (b) 1-20; (c) 11-20. 


If more than 20 colonies of the organisms; this scale is an estimate of the 
emtire number of colonies of this organism to the total number of colonies 
on tne plate, 

organisms Tvere from inamduals numbered: 


suspending organisms would be one resulting 
in a random distribution of colonv-produdng 
units (whether they be single or dumped or- 
^nisms) ^ wiAin the resulting suspension. 
The distribution of such units in a suspension 


may be determined by making plate counts 
on measured aliquots from the suspension. 
The total variation in plate counts should 
arise from a combination of technical errors 
or limitations, and sampling variation. 
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TABLE L 

Companson of Besults ’rritli T^YO Methods* of Eynmininj^ Throat Swabs. 


Organism 

Dry swab 
positive 
Suspension 
positive 

Dry swab Dry swab 

positive negative 

Suspension Suspension 

negative positive 

Dry swab 
negative 
Suspension 
negative 

T 



" ^ 

Befn-homolytic streptococci 

o 

. 1 . 

4 

69 

S. aureus 

1 

0 

3 

72 

IT. influenzae 

51 

0 

11 

14 

E. licmolyti(nis 

52 

3 

4 

17 

Total 

106 

4 

oo 

172 


* See text. 


in culturing the throat reside in (1) the 
transference of bacteria from the cotton swab 
. to the culture plate in a manner such that the 
resultant growth will reflect quantitatively 
,the various species of bacteria on the swab, 
and (2) the visual identification of species by 
their colonial morphology prior to picking 
-the colony and identifying the pure culture so 


obtained. 

The problem of transferring bacteria from 
the swab to the medium was approached by 
• comparing the results obtained b\' s tea king 
the swab directly on the medium in the man- 
ner previously emplox^ed,^- with those ob- 
tained by suspending the material on the swab 
in broth prior to inoculation of the medium. 

Each of 76 swabs, rubbed thoroughly over 
the tonsils and orophar^mx, was streaked 
directly onto a blood agar plate. Each swab 
TOS then immersed in 5 ml of tr\^ptose-phos- 
phate broth. With the swab in place, the 
broth was drawn into and expelled from a 
5 ml pipette 20 times. From this tube 0.5 
nil was then transferred to a second 5 ml 
portion of broth, and mixed as above with 
the same pipette. L'sing a 1.0 ml pipette, 
0.1 ml of the suspension was transferred to 
the surface of a blood agar plate (tr\ptose- 
nhosphate agar base). The inoculum was 
spread with a glass rod which had been im- 
mersed in 95fo alcohol and flamed. Spreading 
was facilitated by revolving plate on a 
turntable. After incubation at o/ C for 24 
hoiir<= the plates inoculated by each method 
were^ examhied with a wide fleld binocular 
mirroscoDe (‘‘colonv’^ microscope). Typical 
colonies were picked and identified by stand- 
ard confirmatory procedures. 


Table I shows tlie results obtained in re- 
spect to 4 bacterial species. In 22 instances 
one or more of these 4 species was detected by 
the broth suspension method and not by the 
dry swab method, while the reverse situation 
obtained in only 4 instances. These data 
indicate that the bacterial contents of a swab 
can be determined better b\' preparing a sus- 
pension in broth than by direct inoculation 
from the swab. 

Further experiments were designed to de- 
termine the variations encountered in the 
broth suspensions. In each experiment, a 
throat swab was obtained as described above 
and a broth suspension prepared. Each of 5 
plates was then inoculated with 0.1 ml of 
the suspension. After incubation, the plates 
were examined with a ^‘colony” microscope 
and representative colonies picked and identi- 
fied. The plates were given code numbers so 
that the examiner was not aware of which 
plates were inoculated from cacli suspension. 
The results of 35 experiments are slioum in 
Table II. 

The variations encountered were greater 


than should arise from a homogeneous suspen- 
sion, but were less than those observed in 
similar earlier experiments where mi.Y/ng was 
known to have been inadequate. It is apparent 
that certain organisms were recovered from 
many of the suspensions with such low fre- 
quenev that thev would have been missed on 
a single plate regardless of the method of 
mi.xing employed. 

In order furdier to evaluate the degree of 
homogeneity that cot.Id be achieved in a bac- 
terial suspension, e.vpcrimcnls uerc earned out 
rnith pure cultures. A satisfactory method of 
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TABLE m. 

Accuracy of Identification of Colonies -with a) Xo Visual Aid and b) tJsing the Microscope. 


Colony 
tentatively 
identified as 

(a) No 

visual aid 

(b) Using microscope 

No. of 
colonies 

confirmed 

No. of 
colonies 

Vc 

confirmed 

Beffl-hemolytic streptococcus 

S. aureus 

75 

20 

40 

95 

1S2 

142 

92 

96 

Pneumococcus 

66 

5 

337 

51 

H. inpuen^ae 

174 

53 

506 

99 

jS, hemolytxcus 

94 

82 

4SG 

97 


TABLE JX. 

Distribution of Fields of 100 Colonies of a) a Mixture of Bcfa-liemolytic Streptococci and 
S. aureus, and b) a Mixture of Beta -hemolytic Streptococci and H. infatenzae, According to 

Number of Streptococci per Field. 


Deviation* from 
mean number of 

Strep, per field 

a) Mixture of heta-hemolytic 
streptococci and S, aureus 

No. of fields 

b) Mixture of be/a -hemolytic 
streptococci and S, influenzae 
No. of fields 

r 

Observed 

Expected 

r 

Observed 

Expected 

-2.0 or more 


3.3 


1.2 

-1.5 to -1.9 

1 

6.4 


o o 

-1.0 to -1.4 

12 

13.3 


4.6 

-0.5 to -0.9 

28 

21.7 

8 

7.5 

0 to -0.4 

25 

27.8 

19 

9.6 

0 to 0.4 

42 

27.S 

17 

9.6 

0.5 to 0.9 

24 

21.7 

6 

7.5 

1.0 to 1.4 

12 

13.3 


4.6 

1.5 to 1.9 

1 

6.4 


2.2 

2 or more 


3.3 


li 

Total 

145 

145 

50 

50 


other bacteria, including Streptococcus hono- 
lyttaisP 

In the first group of experiments a 3 ml 
broth suspension of S. aureus and &c/a-hemo- 
lytic streptococci was mixed with a 5 ml 
pipette 20 times. One-tenth ml of this mix- 
ture was placed in the center of each of 5 
blood agar plates. Each plate was then ro- 
tated, using a mechanical turntable, while a 
sterile glass spreader distributed the inoculum 
evenly. After incubation at 37°C for 24 
hours, the plates were examined with a wide 
field binocular microscope. 

In order to learn whether or not the two 
organisms were distributed at random over 
the surfaces of the plates, colonies were 
counted differentially in fields of 100 colonies 
each. Forty-five to 50 such fields were 
counted on the 5 plates. This experiment 
was repeated 3 times, for a total of 145 fields. 

10 Davis, D. J., J". Iw^eci. Dis., 1921, 29 » ITS. 


If the colonies of streptococci and staphyl- 
ococci were distributed at random, the dis- 
tribution of the number of streptococci per 
field should be a normal one with a standard 
deviation of V (where p is the propor- 
tion of streptococcal colonies, q the propor- 
tion of staphylococcal colonies, and n, the 
number of colonies per field = 100). 

Table IV summarizes the difierential counts 
of 145 fields in terms of deviation from the 
mean!! and shows that less variation was 
observed than expected. For example, the 
expected number of fields with a deviation 

[[ For example, in 50 fields counted from one 
series of o plates the average number of strep- 
tococci per field was 24.G, and the standard devia- 
tion was 4.3 streptococci per field. Eight of these 
fields showed 27 colonies of streptococci; this was 
2.4 colomcs more than the average. On a scale of 
standard deviations these 8 observations fall at 

O 4; 

4 3 = “f-56 standard deviation from the mean. 
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Fig. 1. 

Variation in plate counts in a series of experi- 
ments in each of which several plates Avere inocu- 
lated with portions of a given suspension. 

A loopful of broth culture of ^e/c-hemolytic 
streptococci was transferred to 10 ml of broth 
and shaken a few times by hand. One loopful 
was then transferred to 3 ml of broth. The 
inoculated broth was mixed 20 times with 
a 5 ml pipette. Five pour plates were prepared 
using 0.5 ml of the suspension for each plate. 
Tr^^tose-phosphate agar with peptic-digested 
blood was used as the medium. Colonies were 
counted after the plates had been incubated 
at 37 for 24 hours. The experiment w'as 
repeated 10 times for a total of 50 plates. 

The results of the 10 experiments have been 
combined into a single experience for the pur- 
pose of measuring the variation in successive 
samples (Figure 1). A theoretical distribu- 
tion curve is also shown for comparison with 
the observed results. The Uieoretical curve 
shows the results expected if the only source 
of variation were sampling from a homo- 
geneous suspension. $ The agreement of ob- 
served and expected results is close, permit- 
ting the conclusion that the suspensions were 
essentially homogeneous. 

Similar experiments were carried out wnth 
each of 3 other organisms {Staphylococcus 
auTcuSj Hemophilus hiflucuzac, and a gram- 
negative coccus). Variations in plate counts 
were somewhat greater than expected due to 
sampling, but not grossly so. 

The second technical difficulty investigated 

^Tf the only source of variation were sampling 
from a homogeneous suspension the counts in a 
given experiment should, have formed a hyper- 
gcomctric distribution with a standard deviation 
equal to the square root of 5/0 of the mean plate 
count. 


— that of the need of visual aid in identifying 
the colonial characteristics of bacteria — is ap- 
parent from Table III. The first 2 columns 
show the accuracy of naked eye identification 
of colonies as they appeared on blood agar 
plates inoculated directly with throat swabs. 
The last 2 columns show the improvement 
accomplished by using the wide-field binocu- 
lar microscope (magnification 15x) to exam- 
ine plates prepared by the broth-suspension 
technic. 

The advantage of microscopic examination 
is that it facilitates the accurate differentia- 
tion of colonial types and, therefore, leads 
to the detection of colonies which might have 
been missed b}^ the naked eye. The fact that 
it makes possible an increased accuracy of 
naming colonies is important when a surve}’' 
is being made for the presence or absence of 
a particular organism. 

The above results indicated that the prep- 
aration of a broth suspension from a sivab 
^and the use of a microscope in reading plates 
provided an improved, though not 3'et ideal, 
cultural technic, and decreased considerably 
the errors incurred when the swab was rubbed 
directh' on the culture medium. The data fur- 
ther indicate, however, that the inoculation of 
onl}’’ a single plate from the broth suspension, 
in contrast to multiple plates, considerabh'” 
decreases the likelihood of determining relia- 
bly the presence or absence of an organism 
of relativel}'’ low frequency. • 

Quantitative growth and nutritional inter- 
dependence. The preceding data indicated 
that a broth-suspension of a single bacterial 
species can be prepared that for practical pur- 
poses is homogeneous, as indicated b}’' growth 
on the surface of a plate. Similar experiments 
were then carried out using a mixture of 
pure cultures of 2 species of bacteria to de- 
termine whether or not the growth of each 
would be quantitative. If such were the 
case, the colonies of the 2 species should be 
scattered at random over the surface of the 
medium. In one set of e.xperiments, S. aureus 
and bcta~htn\o\yi\c streptococci were used; in 
the second set, II. influenzae and beta-hemo^ 
I\'tic streptococci were employed, because of 
the nutritional dependence of //. influenzae on 
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TABLE y. 

Comparison of Two Motliods for Detecting Beta -hemolytic Streptococci. 



No. positive by 

Pike method 

No. negative by 

Pike method 

Total 

Positive by direct method 

21 

3 

24 

Negative by direct method 

31 

195 

226 

Total 

52 

198 

250 


TABLE VI. 



Number of Isolations of Bcfa-hemolytic Streptococci from jMon Cultured Three Times. 

Group and tvpe 

1st culture 

2nd culture 

3rd culture 

of strejitococcus 

(direct) 

(Pike) 

(direct) 

Group A; no type* 

47 

118 

48 

’’ A, tvpablc 

19 

24 

7 

B 

3 

63 

1 

” C 

15 

49 

27 

>> p 

1 

3 

5 

’’ G 

7 

32 

12 

No group ^ 

3 

4 

2 

Not done 

1 

0 

1 

Total 

96 

293 

103 


^ Sera for types 1, 2, 3, L 5, 6, 10-12, 11, 14, 17, .18, 19, 22, 23, 24, 20, 28, 29, 30, 31, 33, 
34, 36, 37, 38, 39, 40, 41, 42, 43, 44, 46, and 47 were employed throughout most of the study. 
Types 8, 9, 13, 15 and 32 were available for j>art of the period. 


streptococci, two studies were made to test 
the advantage of Pike’s selective medium for 
this organism 

In the first study a total of 250 throat 
swabs was obtained by culturing 125 well 
soldiers on each of two occasions. Each swab 
was streaked directly on a blood agar plate, 
and then treated according to Pike’s method. 
The results are shown in Table V. 

The superiority of the selective medium is 
shown by the fact that ^^e/a-hemolytic strepto- 
cocci were found by Pike’s technic in 52 of 
the 250 swabs (20.8%), but in only 24 
(9.6%) by the direct plating method. The 
Pike method detected the organism from 
31 swabs which the direct plating method 
missed, while 3 swabs were positive by the 
direct method of plating and negative by the 
Pike method. 

In the second study cultures were obtained 
on 3 occasions from a battalion of approxi- 
mately 1050 men. The first and third cul- 
tures, obtained 3 weeks apart, were rubbed 
directly onto blood agar plates. The second 
cultures, taken during the intervening period, 

eo Pike, K. M., Proc. Roc. Exp. Biou and Med., 
1944, o7, 186. 

21 Pike, P. M., J. JTi/r;., 1945, 41, 211. 


were treated by the Pike technic. Grouping of 
Z>e^fl“hemolytic streptococci was performed by 
the capillary tube precipitin technic, using 
commercial rabbit serums and bacterial ex- 
tracts prepared by Fuller’s method.-- Typing 
was done by the capillary tube modification 
of the Lancefield method.-^ H 

Table VI shows the number of isolations 
of 6e^a-hemolytic streptococci in men who 
were cultured 3 times. The swabs examined 
by Pike’s method showed an increased num- 
ber of streptococci in every group. The great- 
est increase was for Group B, the least for 
typable strains of Group A. Since the 3 cul- 
tures were not taken simultaneously, the re- 
sults are not strictly comparable. Several 
facts, however, suggest that the conclusions 
are valid. The Pike cultures were interposed 
between the other two during a period when 

22 Fuller, A. T., Brit. J. Bxp. Path., 1938, 10, 
130. 

2:^S^dft, H. F., Wilson, A. T., and Lancefield, 
R. C., J. Exp. Tiled., 1943, 78, 127. 

VWe are grateful to Drs. Homer F. Swift and 
Rebecca C. Lancefield for generous supplies of 
typing sera, capillary tubes, and serum containers ; 
and to Dr. Chester S. Keefer, Director, Commission 
on Streptococcal Infections, Army Epidemiological 
Board, for additional sera. 
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DEVIATIONS FROM MEAN 
PiG, 2 . 

% distribution of fields of 100 colonies of a mixture of JS^/aOiemolytic 
streptococci and S', mfiuciKac, according to number of streptococci 

per field. 


of -1.5 Standard deviations or greater was 
10 while actually onl}'’ one was observed. 
Again at the other end of the scale, fields 
with a relatival}^ high proportion of strepto- 
cocci were observed less frequentl^^ than was 
expected. 

Such lack of variation between the dif- 
ferential counts in various fields is indicative 
of bias. It suggests that the colonies grew 
as if the organisms had been placed in rela- 
tionship to one another in an orderly distri- 
bution and not at random, and indicates a 
relationship, nutritional or othenvise, between 
the numbers of bacteria of each species which 
develop into colonies. Probably the presence 
of one species enhanced the growth of the 
other. 

The second set of experiments was per- 
formed in the same manner with a mixture 
of pure cultures of H, influenzae and beta- 
hemolytic streptococci. A total of 50 fields 
was counted differentially. The lack of varia- 
tion in differential counts (Table IV and 
Figure 2) was rnore marked than with the 
nnxture of fic/a-hemolytic streptococci and 5. 
aureus y indicating even a greater dependence 
of one upon the other. 

These obser^vTlions suggest that the growth 
on a plate is a resultant of the nutritional 


inter-relationship of the organisms and the 
adequacy of the media. The total number 
of colonies of a given species may be influ- 
enced to an undetermined degree by the 
relative presence or absence of other species. 
With the large variety of bacteria found in 
a throat culture this relationship is probably 
very complex, since not only symbiosis but 
also antagonism ma}’^ be involved. Unless 
these relationships can be circumvented, pos- 
sibly b}’ selective media or b\' media adequate 
for the nutritional demands of all pharyngeal 
flora, it seems impossibie to inteipret quanti- 
tatively the growtli which appears on the 
usual culture plate. 

Thus the absolute or relative growth of 
colonies on the plate does not necessarily re- 
flect the occurrence and distribution of bac- 
teria in the pharynx. This consideration as- 
sumes importance in trr'ing to determine 
whether organisms normalK' present in the 
throat are increased in number in tlie pres- 
ence of infection. 

Use of a selective mcdiim jot detecting 
beta-//r; 7 m/y//c streptococci. Selective media 
as yet provide a means of detecting the pres- 
ence of only a limited number of bacteria 
found in the upper respiraton* tract. Be- 
cause of special interest m /^e/c-hcmolytic 
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The Effect of AGTH Upon ihe Blood 
Ketone Bodies of o Fosied Normal Dog 



of Weichselbaum and Somogyi^ on 2 ml 
samples of blood. Blood was taken by veni- 


puncture and in most instances the determina- 
tion was done in duplicate. 

Restdts. The data from the experiments 
are presented graphically in Fig, 1. It will be 
seen that in each case in which adrenocorti- 
cotropic hormone was given there was an in- 
crease in ketonemia which reached its peak 
at either 3 or 4J4 hours after injection and 
subsequently declined. 

In neither of the control experiments was 
there a rise in the level of blood ketone 
bodies. Although the order of magnitude of 
the change was small it was a large percentage 
increase in view of the low initial levels. In 
view of the consistency of the response it 
was felt to be significant. 

Conclusion. Adrenocorticotropic hormone 
produced an increased ketonemia in a fasted 
normal dog. 

3 Weichselbaum, T. E., and Somogyi, M., J. BioL 
Chcm., 1941, 140, 5. 
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A Simple Method for Repeated Bone Marrow Aspirations in 'Rats, 

Nathaniel I. Berlin.*^ (Introduced by J. H. Lawrence.) 

From ihe Bonner Lahoratori/^ Division of 'Medical Physicsj ihe Badiaiion Lahoraiori/j and the 
Department of FhysicSf University of California. 


During the course of another investigation 
on the change in the hematopoietic tissues of 
the adult rat, it became necessary to develop 
a method for repeated bone marrow aspira- 
tions. Sawitsky^ has perfected a technic for 
repeated bone marrow aspirations on the 
guinea pig which was a modification of the 
Sawitsky and Meyer- technic for bone mar- 
row aspiration on cats. VogeF has recently 

* National Cancer Institute Post Doctorate Re- 
search Fellow, 

f This work was supported in part hy the United 
States Atomic Energj» Commission. 

1 Rawitsky, A., and Meyer, L. M., Blood, 1948, 3, 
1050. 

-Sawitsky, A., and Meyer, L. M., J. X, and 
Clin. Med., 1947, 33, 70. 

3 1 ogel, M., Am. J, Med. Science, 1947, 213, 
456. 


investigated the femoral bone marrow of 
adult rats, but was unable to obtain marrow 
without sacrifice of the animal; Cameron 
and Watson^ modified VogeFs technic so that 
repeated aspirations could be made. However, 
Cameron and Watson’s technique requires a 
surgical incision. This paper will report a 
modification of the Sawitsky and Meyer tech- 
nic adapted to rats. 

Method. Twenty-six adult rats, (the first 
generation of a cross breeding of highly inbred 
Slonaker (Wistar) and Curtis Dunning rats), 
weighing approximately 200 g were used. 

The animals were anesthetized with suf- 
ficient nembutal to produce surgical anesthesia 
of 20-30 minutes duration. The animal was 

4 Cameron, D. G., and Watson, G.^M.T^BIood 
1948. 3. 292-4. 
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there was no indication of an unusual occur- 
rence of streptococcal infection in the study 
group. Furthermore, the difference in car- 
rier rate as determined by the two methods in 
this experiment is compatible with Pike's 
observations-®'-^ and with the results of the 
cultures of 125 well soldiers (Table V). 

Swnmary. A technic for examining throat 
swabs which appears to have certain advan- 
tages is described. This method involves 
suspending the material on the swab in broth, 
inoculating blood agar plates with this sus- 
pension, and examining the resultant growth 
with the aid of a microscope. The experi- 
ments which led to the adoption of this 
technic are presented. 

This and other similar technics for deter- 
mining pharyngeal flora, however, have 
definite limitations, as indicated by the oh- 
serration that inoculation of blood agar plates 


with a mixture of onh'’ two bacterial species 
yielded colonies w^hich were not distributed 
at random on the surface of the medium, but 
rather in a manner indicating interdependence 
of the organisms. Thus, the growth on a 
plate does not necessarily reflect the relative 
proportion of each species present in the 
inoculum. 

The value of selective media as a means 
of detecting organisms present in low fre- 
quency has been demonstrated by utilizing 
Pike's medium for the isolation of bcta-hemo- 
lytic streptococci. The carrier rate for bela- 
hemolytic streptococci was increased from 
9,6%, as determined by usual cultural 
methods, to 20.8% by the use of Pike's 
method. The increase was greatest for Group 
B streptococci and least for the typable 
strains of Group A. 
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Previous work' from this laborator}'’ has 
shown that pure adrenocorticotropic hormone 
increased the ketonemia of fasted normal 
rats. The present experiments have been 
undertaken to establish whether adrenocorti- 
cotropic hormone would have a similar ef- 
fect in a normal dog. 

Methods. All the experiments were car- 
ried out on one female mongrel dog weighing 
approximately 15 kg. Two^ control experi- 
ments were done: one in which the dog was 
given 50 mg of serum albumin, the other in 
which the dog was given 50 mg of a cru^ 

* Aided by grants from tlio National Institute 
of Health, *RG 400, and The Research Board, 
tJniversify of CaVdormn. 

1 Bennett, L. L., Kreiss, R. E.. Li, C. IL, and 
Evans, H. H., Am. J. Physiol, 104S, 152, 1210. 


alkaline anterior pituitary extract which had 
been heated to 100°C for I hour. The adren- 
ocorticotropic hormone was prepared accord- 
ing to the previously published method,- and 
3 experiments were done in which it was 
given at a dose of either 50 mg or 25 mg. 

The dog was fasted 72 hours before each 
experiment and an interval of at least 2 
weeks elapsed between experiments. An initial 
blood sample was taken and then the hormone 
or control foreign protein was administered 
by a single intraperitoneal injection. At 1 
3, 4^4 and 6 hours after the injection addi- 
tional blood samples were taken. 'lotal blood 
ketone bodies were determined by the method 

2 Li, C. n., Evans, H. nnd Simplon. i:.. 
J. Biol Chc 7 n., 1913, UO, 413. 
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In the course of an investigation on the 
development of kidney function, data have 
been obtained on the influence of postnatal 
age on kidne}’' function of premature infants 
and values have been collected for current 
kidney function tests in premature infants. 
Measurements were made in 2 groups of 
premature infants all weighing between 2130 
and 2520 g at the time of observation. The 
ages of infants in the first group {Group A) 
ranged from 3 to 13 days; those in the 
second (Group B) from 49 to 107 days. 

Methods, The clearance procedures and 
chemical methods have been described pre- 
viously.^ 

Results, Mean values for inulin, urea, 
mannitol and para-aminohippurate (PHA) 
clearances and PAH tubular maxima in 17 
well female premature infants are shown in 
Table Lt Proctocols for each subject are in- 
cluded in the table. The individual values in 
Table I are calculated without correction as 
UV/P. For comparison with adult values, 
the means for each group are corrected for 
surface area. With this correction, the in- 
ulin clearances are (Group A) and 58% 
(Group B) of normal adult values; the PAH 
clearances 25 and 34% and PAH tubular 
maxima 17 and 27%, respectively. 

It may be seen from the data in Table I 
that although some overlapping occurs, mean 

* This investigation was supported in part by a 
research grant from the Division of Kescarch 
Grants and Fellowships of the National Institute 
of Health, U. S. Public Health Service. Mannitol 
and para-aminohippurate were supplied by Sharp 
& Dohme, Ine. 

1 Barnett, H. L., Hare, K., MeXamm-a, il., 
Hare, R. S., J, Clin, Invest., in press. 

t The detailed data for inubn and urea clear- 
ances in Group A have been presented in Table Ib 
of a previous report.^ 


values for all measurements are higher in the 
older than in the younger infants. A marked 
increase in clearances is noted only in the 
oldest infant, ST, whose corrected inulin 
clearances are actually within the normal 
adult range. For the most part, however, the 
magnitude of the differences between the two 
groups is surprisingly small. Examination of 
values for individual infants gives emphasis 
to this latter fact: for example, at 12 days 
of age, PI ''A'" had higher values for all 
determinations than WI had at 66 days and 
higher PAH clearances than KO had at 95 
days of age.t 

The Cin/Cpau ratios are higher in these 
infants than in adults. A high ratio in early 
infancy falling to adult values during the first 
few months of life has been reported,--^ It 
is of interest that the Cix/Cpah ratios in the 
two groups of infants reported here are 
almost identical. 

Discussion. Cessation of new glomerular 
formation in the kidneys of fetuses and in- 
fants weighing between 2100 ,and 2500 g 
has been reported to be dependent on the 
size the fetus has attained rather than re- 
lated to the fact that birth has occurred.*^ 
Our data on premature infants of the same 

+ Part of this wide scatter may be attributed to 
iuaccuraey of body weiglit as an index of gesta- 
tional age. However, the difference between, the 
two groups in range of birth weights and postnatal, 
ages is so great that variations in maturity related 
to multiple births, race, or other factors, would 
be minimized. 

’.i Rubin, M. I., Bruck, E., and Rappaport, M., 
Proc. Fifth International Congress of Pediatries, 
1947, p. 99. 

•UVest, J. R., Smith, H. W., and Chasis, H., 
J. Pediai., 194S, a2, 10. 

^ Potter, E. L., and Thierstoiu, S. T., J. Pediat., 
1943, 22, 095. 
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TABLE I, 

Differential Cell Count of the Iliac Marrow of 
Normal Bats. 




Avg 

Bange 

Myeloblast! 


0.8 ■ 

0.0- 2.0 

Myelocyte 


o.r 

3.0-13.0 

Metamyelocyte 


5.1 

2.3-10.6 

cell 


10.9 

4.3-19.6 

Non seg BMN 


4.7 

1.6-11.0 

p:mn 


19.2 

11.6-30.6 

Lymphocyte 


20.4 

11.0-30.0 

Normoblast 


24 2 

14.6-33.6 

Erythroblast2 


1.3 ' ■ 

0.0- 6.6 

^fega Jo blast*' 


0.0 

0.0- 0.3 

Eos myelocyte! 


2.0 

0.0- 4.3 

EosinophiHc * * ring ^ ' 


3.C 

1.0- 9.0 

Eosinophir* 


1.5 

0.0- 4.G 

Plasma celK» 


0.4 

0.0- 1,3 

1 Cells of this type 

were 

seen in 23/26 

animals. 

jy 7 1 11 *11 

1 7 

'»-23/2G 

1 1 

3 11 1111 11 

1 1 

11 11 2/26 

1 1 

4 ? j 1111 11 

1 1 

25/26 

1 1 

5 11 1111 11 

1 1 

25/26 

1 1 

11 11 11 11 

1 1 

»» 21/20 

1 1 


grasDed in the left hand with the thumb and 
middle fingers on the proximal part of the 
right and left femurs, respectively. A 3.0 cm 
No. 20 gauge spinal needle is held in the right 
hand so that the right middle finger is free 
to palpate the right posterior superior iliac 
spine. The needle is then inserted through the 
skin to the iliac bone and by a rotary motion 
is driven through the cortex of the iliac bone. 
The stylet is removed and suction applied 
with a dry 20 cc syringe and a drop of mar- 
row aspirated. The syringe and needle are 
then removed together. The drop of marrow 
is placed on a clean glass slide and several 
smears are made directly from this drop. The 
smears are stained with AVright^s stain. Suf- 


ficient amount of marrow to do total nu- 
cleated cell counts is only occasionally as- 
pirated. It probably is best not to tr\- to 
do this as the volume removed would be too 
large and there might be a large admixture 
with peripheral blood. 

■ Results, From each animal 300 cells were 
counted. The results are presented in Table I, 

Discussion, Vogel has succinctly presented 
the cellular morphology. No essential differ- 
ence has been noted between her description 
of the femoral bone marrow cells and the iliac 
bone marrow cells observed in this investiga- 
tion. A few minor points have been observed. 
Occasionally a large cell in the red cell series 
— more like the megal oblast than a true ery- 
throblast is seen and has been classified by 
us as a megaloblast. A somewhat higher per- 
centage of lymphocytes is seen in our aspira- 
tions which corresponds more to the values 
obtained by Cameron and Watson than to 
VogeFs values. “Kugelhaufen^^ were seen in 
most of our smears but were too infrequent to 
count. 

A repeat marrow maj^ be done within 1-2 
weeks on the same side. The other iliac bone 
may be aspirated at any time. Thus by 
alternating sides, bone marrow samples may 
be obtained at weekly intervals. 

Conclusions, 1. A method for obtaining 
weekly bone marrow samples of adult rats is 
presented. 2. The bone marrow obtained 
from the iliac bone is essentially the same as 
has been obtained from the femur by previous 
investigators. 
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weight range show some increase in kidney 
function related to postnatal age. However, 
judging from the rate of development of kid- 
ney function in larger infants^*'^ and in rab- 
bits,^ the magnitude of the increase obsen^ed 
in our older infants may be less than would be 
expected in larger infants. In addition, the 
Cix/CpAH ratios did not change in our infants 
with increasing clearances. These latter find- 
ings suggest that development of kidne}^ func- 
tion in infants weighing up to 2500 g may be 
influenced by a gestational factor not operat- 
ing in larger infants, A more complete de- 

o Gordon, H. H,, Harrison, H, E., and Mc- 
Namara, H., J. Clin. JjtvesLy 1942, 31, 499. 

r> Williamson, E. C,, and Hiatt, E. P., PROC, Soc. 
Exp, Biou axt> Med., 1947 , 66, 554, 


scription of these relationships requires direct 
comparison of these results with similar data 
on full term infants. Such observations are 
planned. 

Conclusions, Mean values for inulin and 
PAH clearances and PAH tubular maxima 
corrected for surface area in premature in- 
fants ranged from 17 to 58% of normal 
adult values. Greater postnatal age appears 
to increase the rate of development of kidney 
function in premature infants weighing be- 
tween 2100 and 2500 g although to a less 
extent than might be expected in full term 
infants. 

We are indebted to Flora Hurwitz, R.N., for 
nursing and technical assistance. 
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From the Research Institvie (Fooi-and-Monih Disease Research Committee), Pirhright, 

Surrey, Fnoland. 


The present series of papers deals with 
studies on strains of the virus of foot-and- 
mouth disease from outbreaks in Mexico. The 
work was undertaken at the request of the 
Bureau of Animal Industry of the United 
States Department of Agriculture on behalf of 
a joint Mexican-American Commission to 
^yhom all the results recorded here have been 
reported.* 

♦The authors wish to express their thanks to 
the joint Mexican-American Commission (Lie. 
Oscar Flores (Mexico) and Dr. M. S. Shahan 
(H.S.A.), co-directors j Dr. B. T. Sims, Chief of 
the Bureau of Animal Industry, and Dr, Fernando 
Camargo, Director of the Laboratories of the 
Me.xican Ministry of Agriculture and Livestock 
Industry, for tiie opportunity to exainiiie the 
material. Their thanks are also due to Dr. H. W. 
Schoening in charge of the Pntli ologicul Division 
(B,A.I.), for his continued interest during the 
progress of the investigations. 


During the experiments recourse has been 
made to many new methods that have been 
developed at this institute, to which some 
preliminary reference should perhaps be made. 
The necessity of having a quantitative ap- 
preciation of a biological problem is becom- 
ing increasingly apparent especially in ap- 
proaching problems of immunity. No great 
reliance can be placed on the results of “field” 
vaccination experiments, for example, in esti- 
mating the real value of an immunizing agent 
as it is not possible to analyse satisfactorily 
the many factors involved. This can be done 
only under controlled experimental conditions. 
Again before satisfactory interpretations can 
be made of the results of experiments carried 
out under controlled conditions it is necessary 
to have reliable “standard methods.” 

The main program of the scientific staff 
of this Institute for the last eight years has 



• TABLE I. 

Profocols and Data oa Beaal Clearances in Premature Infants. 
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weight range show some increase in kidney 
function related to postnatal age. However, 
judging from the rate of development of kid- 
ney function in larger infants^'*" and in rab- 
bits, the magnitude of the increase observed 
in our older infants may be less than would be 
expected in larger infants. In addition, the 
Cix/Cpah ratios did not change ih our infants 
with increasing clearances. These latter find- 
ings suggest that development of kidney func- 
tion in infants weighing up to 2500 g may be 
influenced by a gestational factor not operat- 
ing in larger infants. A more complete de- 

^ Gordon, H. H., Harrison, H. E., and Mc- 
Namara, H., J. Clin. Invest., 1942, 21, 499. 

Williamson, E. C., and Hiatt, E. P., Proc. Soc. 
Exp. Biol, and Med., 1947, CO, 554. 


scription of these relationships requires direct 
comparison of these results with similar data 
on full term infants. Such observations are 
planned. 

Conclusions. Mean values for inulin and 
PAH clearances and PAH tubular maxima 
corrected for surface area in premature in- 
fants ranged from 17 to 58% of normal 
adult values. Greater postnatal age appears 
to increase the rate of development of kidney 
function in premature infants weighing be- 
tween 2100 and 2500 g although to a less 
extent than might be expected in full term 
infants. 

We are indebted to Flora Hurwitz, P.N., for 
nursing and teclmical assistance. 


16617 

Strains of the Virus of Foot-and-Mouth Disease Recovered from Outbreaks 

in Mexico, 

Ian a. Galeoway, W. M. Henderson, and J. B. Brooksby. 

(Introduced by R. E. Shope.) 

From the Research Institute (Fooi-and-Mouili Disease Itcsearch Committee), Firhriglitj 

Surrey, England. 


The present series of papers deals wdth 
studies on strains of the virus of foot-and- 
mouth disease from outbreaks in Mexico. The 
work was undertaken at the request of the 
Bureau of Animal Industry of the United 
States Department of Agriculture on behalf of 
a joint Mexican-American Commission to 
whom all the results recorded here have been 
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Industry, for the opportunity to examine the 
material. Tlicir thanks are also due to Dr. H. W. 
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During the experiments recourse has been 
made to many new methods that have been 
developed at this institute, to which some 
preliminary reference should perhaps be made. 
The necessity of having a quantitative ap- 
preciation of a biological problem is becom- 
ing increasingly apparent especially in ap- 
proaching problems of immunity. No great 
reliance can be placed on the results of ‘Afield” 
vaccination experiments, for example, in esti- 
mating the real value of an immunizing agent 
as it is not possible to analyse satisfactorily 
the many factors involved. This can be done 
only under controlled experimental conditions. 
Again before satisfactory interpretations can 
be made of the results of experiments carried 
out under controlled conditions it is necessary 
to have reliable ''standard methods.” 

The main program of the scientific staff 
of this Institute for the last eight years has 
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been directed with this object in view. As a 
result it is now possible to measure the po- 
tency of virus* suspensions of bovine origin 
such as are used for vaccine production by 
a method of titration involving the simul- 
taneous inoculation of a number of serial 
dilutions of virus in the bovine tongue.^ Suf- 
ficient observations are made for the calcula- 
tion of the 50% end-point. This method 
guarantees the greatest accuracy commen- 
surate with the use of a very limited number 
of animals. 

In serum neutralization tests correlated with 
electrophoretic studies and the development of 
methods for concentrating antibodies it has 
been shown that by application of the above 
titration method it is possible to estimate 
with a greater degree of accuracy than was 
formerly attainable, the neutralizing and pro- 
tective properties of bovine antisera and to 
detect low levels of antibody.- For quantita- 
tive estimates of this sort it is obvious that 
there must be basic information on the rela- 
tive susceptibility of the test animals emplo}^- 
ed. In the case of foot-and-mouth disease 
where cattle are the experimental animals of 
choice for the study of virus of bovine origin, 
this susceptibility must vary within wide 
limits according to the source. There is on 
the one hand the stock of a country in which 
the disease is not endemic and in which varia- 
tions in susceptibility may be attributable to 
other factors such as age, condition and breed 
and on the other hand the stock of a country 
in which the disease is endemic. In this 
case the “clean history” of the experimental 
animals is an extremely doubtful factor. This 
difficulty has been overcome in some countries 
e.g. Holland, by the importation of test ani- 
mals from a country which is free from the 
disease. 

It should be emphasized that in all the in- 
vestigations at Pirbright including those under 
discussion, cattle with a “clean history” and 

' iHendersoi^'. Thesis, Tniv^y of Edin- 
burgh, (in press ns an Agricultural Research 
Council Eeport), 1945. 

2 Brooksby, J. B., Tliesis, University of London, 
(in press as an Agricultural Research Council 
Beport), 1946. 


a relatively uniform level of susceptibility 
have been employed. While this is indis- 
pensable in estimates of virus potency and 
antibody levels it is equally important in the 
true appreciation of the limitations of tests 
for the non-infectivity.of vaccines and in esti- 
mating the immunizing value or potenc}’ of 
vaccines. 

Reference has been made by one of us 
(I.A.G.) at divers meetings to the results 
obtained at this Institute in developing stand- 
ard methods. These included meetings held 
under the auspices of the Office International 
des Epizooties in Paris in May, 1947 and 
in Berne in September 1947,*'^ the 4th Inter- 
national Congress of IMicrobiology in Copen- 
hagen in Jul}^, 1947 (see Proceedings) and a 
meeting organized by F.A.O. held at Pir- 
bright in September, 1947. In addition to 
the methods mentioned above extensive obser- 
vations carried out on several thousand cattle 
under controlled experimental conditions have 
shonm that it is possible to estimate the rela- 
tive potency of different vaccines in contact 
exposure tests by administering graded doses 
of vaccine. Results having statistical signifi- 
cance can be obtained, based on the calcula- 
tion of 50% end-points provided that groups 
of an adequate number of vaccinated and un- 
treated control cattle are emploj^ed. In such 
circumstances it has been demonstrated that 
different strains of virus have different im- 
munogenic properties against a strictly homo- 
logous virus infection (/.c. infection with the 
same strain) with the implied necessity of se- 
lection of suitable strains for vaccination. 
At the meeting in Copenhagen and again at 
the 4th International Congresses of Tropical 
jMedicine and jMalaria held in Washington 
in i\Iay I94S preliminary reports were made 
by one of us (I.A.G.) of some of the e.xperi- 
men ts, the results of which are embodied in 
this series of papers. One of the points con- 
nected with the immunity problem which has 
received particular attention has been the 
difference in antigenic behavior of strains of 
virus within a main immunological type 

group, 

A., Of. Intermit. Kpizoo., 

1947 , 27 , 520 . 
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Since these matters were reported another 
line of approach has been introduced for the 
detailed study of strains of virus, the appli- 
cation of the complement fixation test. Ref- 
erence has already been made by one of us*^ 
to the development at this Institute of the 
technic on a quantitative basis. 

It' is encouraging that already this necessity 
of developing standard methods on which so 
much insistence has been placed by the 
authors is now being widely recognized and 
their precepts are coming to be adopted more 
generally. 

Paper IP deals ivith the identification of 
13 samples of virus material from Mexico and 
the accumulated evidence justifies the con- 
clusion that only the virus of foot-and-mouth 
disease was present in any of the virus 
samples examined and all the methods em- 
ployed for the determination of the im- 
munological type involved indicated that all 
the strains could be placed in the Vallee A 
group. 

There should be some basic information on 
the pathogenicity and invasiveness of the virus 
strains concerned before immunity studies 
are pursued and unless this is forthcoming it 
is impossible to interpret the results of vac- 
cination experiments correctly. Paper III*^ 
summarizes the observations on these charac- 
teristics of the jMexican strains of virus. Evi- 
dence is produced to illustrate the low in- 
vasiveness of these strains. The question has 
been discussed at some length there as it is 
of great interest not only because of its 
epizootiological significance but also in the 
interpretation of the results of vaccination 
experiments. Further points merit elabora- 
tion here. It is often exceedingly difficult if 
not impossible to secure any information of 
real value, on the origin of a particular out- 
break or epizootic of foot-and-mouth disease 

Brookshy, J. B., Proc. Soc. Exp. Biol, and 
Med., 1948, C7, 254. 

SBrooksby, J. B., Henderson, TV, M., and GaP 
loway, Ian A., Proc, Soc. Exp. Biol, and Med., 
1948, CO, 04. 

<5 Ilendexson, TV. M., Galloway, Ian A., and 
Brooksby, J. B., Proc, *Soa Exp. Biol, and Med., 
1048, Of), GO. 


and much of the evidence advanced does not 
proceed beyond the realms of speculation. In 
this respect the present epizootic in Mexico is 
no exception. 

It is not known ho.w strains of low invasive- 
ness arise. We do not even know" whether 
low" invasiveness as determined by tests on 
a particular breed of cattle of fairly uniform 
susceptibility under a given set of conditions 
w"ould be equally demonstrable if observations 
w"ere made on another breed of different age 
and conditions in a different climate. 

It is knowm that some species adaptation 
of the virus appears to occur, for strains of 
virus of porcine origin sometimes show" poor 
infectivity for cattle. One of us (J.B.B.) has 
studied such a strain recently and while it 
spread readily amongst sw"ine it did not do so 
from swdne to cattle. The supposition that 
the Mexican strains of virus may have origin- 
ated from swine would appear to be discounted 
since as has been reported in Paper II, ^ strain 
MP (23.12.46) show"ed no special affinity for 
swine. On the other hand in countries in 
Africa, South America and Asia w’here the 
disease is endemic and w"here also susceptible 
wild animals of different species may roam 
as in Mexico (e.g. deer, w"ild pigs, goats, 
llamas, tapirs, porcupines etc. as well as small 
susceptible rodents of different kinds) it does 
not seem to be a remote possibility that the 
disease may spread among these and then 
return to infect cattle in a modified form due 
to passage through and perhaps some adap- 
tation to species other than cattle. IWiere 
such conditions prevail i.e. a virus of low" in- 
vasiveness is spreading and leaving in its 
w"ake animals w"ith a varying degree of im- 
munity; are they not conducive to the de- 
velopment of “variants” and also to the per- 
sistence and smouldering of the disease per- 
haps in a mild atypical form w"hich at certain 
periods might not be readily recognizable as 
foot-and-mouth disease? If a virus spread- 
ing in this w'ay reaches say “closed” dairy 
herds of a more susceptible breed of cattle 
e.g, cattle of European origin, this might pro- 
vide the circumstances and necessary medium 
for an enhancement of the invasiveness of the 
strain and a ^^flare up” which first attracts 
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attention to the existence of the disease. 

Turning to the problem of the interpreta- 
tion of experiments on vaccination it is ap- 
parent from what has been outlined else- 
where^* ‘ that strains of low invasiveness 
create added difficulties. When in contact 
exposure tests a considerable number of un- 
treated susceptible control cattle fails to de- 
velop visible lesions but on the other hand 
becomes immunized as a result of infection 
it is exceedingly difficult to know to what 
extent the resistance exhibited by the non- 
reactors in the vaccinated groups can be 
attributed to the vaccine and to what extent 
to the low invasiveness of the strain of virus, 
unless the number of animals in each group is 
increased beyond the limits of practicability. 
How much more important this problem be- 
comes in countries where it is difficult to pro- 
cure cattle of uniform susceptibility! It is 
known that in countries in which the disease 
is endemic and where it is not the practice 
to select animals according to age, breed and 
condition, it is not uncommon to find quite 
a number of cattle which will not react even 
to intradermal inoculation of the tongue with 
massive doses of strains of virus of high invas- 
iveness. It would therefore not be surprising 
if the number of non-reactors to such inocula- 
tions was not materially increased when 
strains of low invasiveness such as the i\Iexi- 
can strains are under investigation. The 
significance of the virus-host relationship is 
further illustrated by the facts which emerge 
from the observations on the titration of two 
of the Mexican strains of virus, MP and IM.l 
(in suspensions prepared from the vesicular 
tongue lesions or in the circulating blood) re- 
ferred to in Paper 

It is obvious that unless there is awareness 
of the influence of the factors discussed above 
there can be no satisfactory approach to a 
discussion of what are sometimes glibly re- 
ferred to as ''international standards". 

When in vaccination experiments there are 
indications that the invasiv^eness of the strain 
of virus under investiga tion is low and the 

“Henaerson, ^V. M., Gjillowav, Ian A., and 
Brooksby, J* B., Pkoc. Soc. Exp. Biol, axd Med., 
19-18, GO, 77 . 


susceptibility of the cattle is nevertheless 
relatively and uniformly high, it is possible 
as has been recorded in Paper VI' to use an- 
other method of estimating the potency of 
a vaccine. This is dependent on ob3er\'ations 
on the occurrence or non-occurrence of secon- 
dar}'' lesions on the lips or feet or elsewhere 
following upon the inoculation of virus intra- 
dermally into the tongues of groups of vac- 
cinated and control cattle. As in contact 
exposure tests little reliance can be placed 
on observations on too small groups of cattle 
for as will be seen from the results secondary 
lesions sometimes do not develop in the un- 
treated control cattle. 

Further work is being done to find out 
the correlation between the results in po- 
tency tests of vaccination with graded doses 
of vaccine followed by exposure to infection b}'' 
contact and similar potency tests in which 
the vaccination with graded doses of vaccine 
is followed by exposure to, infection by inocu- 
lation of virus intradermal!}^ into the tongue 
or by other routes. 

Particular attention must be drawn to the 
results of experiments which are recorded 
in Papers IV, ^ V® and VF illustrating the 
antigenic behavior of the Mexican strains of 
virus MP and M.l in relation to 119 the Pir- 
bright stock strain of virus of the main Vallee 
A immunological t3T3e. 

It is perhaps as well to deal first with the 
observations which were made in vaccination 
experiments with virus strains MP (JMexican) 
and 119 (Pirbright). When it was found 
that the first samples of virus sent from 
jMexico including strain IMP were of the 
Vallee A immunological type, an experiment 
was set up to determine ivhether a vaccine 
prepared from strain 119 (Vallee A) would 
give as good protection to cattle exposed to 
infection with the Mexican strain MP as to 
cattle exposed to infection with strain 119. 
From observations as yet unpublished carried 

S Brooksby, J. B., Gallo^vay, Ian A., and Hcn- 
tlersou, W. M., Pnoc. Soc. Exp. Biol, a.vd Med.. 
194S, GO, 70. 

i>Brooksby, tT. B., Galloway, Ian A., and lien- 
clorsou, W. M., Pnoc. Soc. Exp. Biol. XIed., 
194S, GO, 74. 
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out under strictly controlled experimental con- 
ditions on 320 vaccinated cattle and 116 un- 
treated control cattle in a series of experi- 
ments, it has been proved that strain 119 is 
of hfeh immunogenicity against strictly 
homologous virus infection (50 per cent end- 
point protection dose = 8 cc). As will be 
seen from the results of the recorded experi- 
ments in Paper VI, ‘ a vaccine prepared from 
strain 119 did not, when administered in 
equivalent dose, give the same measure of 
protection against infection with strain MP 
as it did against infection with strain 119. 

When this result was obtained an examina- 
tion of the two strains was made in cross 
serum neutralization tests in cattle, Paper V,® 
and it was found that bovine anti-sera had a 
greater neutralizing effect on strain homo- 
logous than on strain heterologous virus. In 
complement fixation tests also. Paper IV® 
differences were apparent in the antigenic be- 
haviour of strain MP and strain 119 when 
anti-sera from guinea pigs infected with the 
respective strains were employed. 

Cross serum neutralization and complement 
fixation tests were then carried out with 
strains MP and M.l and differences were 
exhibited also in the antigenic behaviour of 
these strains both in relation to strain 119 
and to one another. Since strains MP and 
M.l appeared to differ from one another in 
their behaviour in complement fixation and 
serum neutralization tests an investigation of 
their antigenic behaviour in cross immunity 
or vaccination experiments ‘was made. As 
will be seen in Paper VV the results of these 
preliminary tests were not conclusive al- 
though their trend suggested some difference 
between strain MP and M.l. It is conceiva- 
ble that in similar experiments in which groups 
of cattle are tested by the same method after 
injection with smaller graded doses of vac- 
cine it may be possible to bring out greater 
differences in the antigenic behaviour of these 
strains. It is obvious that further work is 
necessary to clarify the position and that all 
due caution must be exercised in drawing 
conclusions. However, even at this stage, 
there is justification for the statement that 
‘ the results of the examination of the antigenic 
behaviour of the Mexican strains of virus 


has strengthened the evidence for the occur- 
rence of “variants'^ within the main Vallee A 
immunological type group. The use of the 
term “variant” is one of convenience only and 
in this instance is for the purpose of de- 
scribing some observed difference in the 
antigenic behaviour of strains of virus which 
are so similar in their behaviour in general 
immunological typing tests that they can 
clearly be classified only in one particular 
type group. This class of “variant” is dis- 
tinct from others apparently more complex 
which has been described by Traub and his 
co-workers^®'^^ as the result of complement 
fixation tests. These latter variants show 
some partial relation to other immunological 
type groups. There appears to be correla- 
tion in some instances at least between the 
differences brought out by the three methods 
of study of antigenic behaviour but a con- 
siderable amount of work is now necessary 
to examine as many strains of virus as pos- 
sible to see whether this is universally the 
case. Particular attention is being paid to 
the strains of virus regularly employed for 
vaccine production in the different European 
centers. It would be tempting to assume 
that because agreement in the results of com- 
plement fixation, serum neutralization and 
cross-immunity tests has been observed in 
the experiments recorded here it would be 
possible to forecast the results of vaccination 
experiments with a strain of virus from the 
results of the other two simpler tests. It is 
premature to assume that this would be so. 
It would be reasonable to suppose that some 
of these antigenic differences may be quanti- 
tative and that the limited range of antigenici- 
ty of certain strains may be compensated for 
by increasing the amount of antigen ad- 
ministered in vaccination or again some of 
the difficulties may be overcome by the se- 
lection of strains of good immunizing power 
and of a wide range of antigenicity. The real 
significance of the occurrence of these “vari- 
ants’" within an immunological type group has 
yet to be assessed. What is strongly suggested 

10 Traub, E., and Eodriguez, R., Zhl. Bald Ahi 
1, Orig., 1944, 151, 380. 

11 Traub, E., and Mohlmann, H., BerL vnd 
Munch, iierdrzU, TVschr,, 1946, 1, 1. 



62 


Strains of Virus of Foor-Ai 

is that these observations cannot be ignored 
in immunization procedures since Traub and 
Mdhlmann'^^ while working in Europe re- 
covered some similar Vallee A ^Variants^’ 
from some cattle which developed the disease 
although they had been vaccinated in the 
field with a stock bivalent vaccine in which 
. two strains of virus, one of the Vallee 0 t 3 pe, 
and the other of the \^allee A t} 7 De were in- 
corporated. The cattle in these “vaccine 
breaks’^ had been vaccinated with a Schmidt- 
Waldmann aluminum hydroxide vaccine. 

Their method of approach to the problem 
was different from that of the present authors 
in that they came across these variants'^ 
while carr\dng out complement fixation tests. 
They did however add a rider to the effect 
that-although the late war had prevented them 
from being in a position to place their obser- 
vations on record, they had found that the 
Vallee A strain of virus used for vaccine pro- 
duction was not so immunogenic against the 
other “variants’^ as it was against' itself and 
the same held true for the behaviour of 
the other “variants.” 

It is apparent, and this was Stressed at 
the 4th International Congress of Microbiol- 
ogy in Copenhagen, that the position with re- 
gard to strains of virus of foot-and-mouth 
disease is similar to that which appears to 
exist with strains of influenza virus f.c, “var- 
iants” occur within a main immunological 
type group. Where workers on foot-and- 
mouth disease have an advantage over those 
engaged on the influenza problem is that al- 
though for obvious reasons progress is bound 
to be slower, the strains of virus can be studied 
in the host from which they were recovered 
and cross immunity vaccination experiments 
involving exposure to infection with a selected 
strain of virus can be carried out on cattle in 
which the disease occurs under natural con- 
ditions. 

In the present series of experiments the 
Mexican strains MP and IM.l and the stock 
strain 119 were all strains of bovine origin. 
The serum neutralization tests were made with 
bovine antisera and these and the cross im- 
munity tests were carried out in cattle. Until 
some means is devised of overcoming the dif- 
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Acuities encountered in using bovine anti- 
sera in complement fixation tests, virus strains 
have to be adapted to guinea-pigs for the 
preparation of antisera for this purpose. It 
would be preferable to avoid this procedure. 
As a result of the observations recorded above 
it was recommended to the Bureau of Animal 
Industry of the U. S. Department of Agri- 
culture for the benefit of the joint Mexican- 
American Commission that until further in- 
formation became available on the range of 
immunogenicity and specificity of other Vallee 
A tj^pe strains of virus it would be preferable 
to use Mexican strains of virus for vaccinating 
in j\Iexico (Results of experiments in which 
cattle injected with vaccines prepared from 
^Mexican virus strains were subsequently ex- 
posed to infection with the same strains are 
recorded in Paper VI'). When again from 
the results of experiments some antigenic dif- 
ferences appeared to exist between the ^lexi- 
can strains MP and jM.I it was recommended 
that until further information was obtained 
both these strains should be incorporated in 
vaccines for use in iMexico, in fact a bivalent 
vaccine incorporating MP and M.l should 
be employed. The^ position is however in a 
constant state of flux and it must be reviewed 
from time to time. 

This is neither the time nor tlie place to dis- 
cuss fullj’’ the observations recorded in Ibis 
series of six papers in relation to the con- 
trol of foot-and-mouth disease. The pro- 
cedure must be, governed b}* the conditions 
obtaining. Attention might however be drawn 
to the more obvious implications. Ever}' ef- 
fort should be made to prevent foot-and- 
mouth disease becoming endemic in a coun- 
try. This can be accomplished in certain ex- 
ceptional circumstances by a “stamping-out” 
policy alone involving the early and rapid 
slaughter and disposal of carcasses by burial 
or burning and the application of a “cordon 
sanitaire" including police and quarantine 
measures. 

If vaccination has to be introduced, owing 
to the failure or inapplicability of a “stamp- 
ing out” policy, either alone or in combination 
witli slaughter in zonal control measures or 
on a more extended basis then rapidity is 
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again the key to the situation and every ef- 
fort should be made to induce as high a grade 
of immunity in as many susceptible animals 
as possible in as short a time as possible. 

Whatever the class of vaccine to be em- 
ployed, there must be information obtained 
on the strain or strains of virus responsible 
for the outbreaks. 

Furthermore a phase has now been reached 
in research on the disease which points to the 
necessity of “standard methods” such as those 
referred to above so that as highly effective 
vaccines as possible can be produced. This 
involves the selection of strains of good im- 
munogenicity and of as wide a range of group 
antigenicity as possible. The last word on 
vaccination against foot-and-mouth disease 
has not yet been said. If when the disease 
is already, or should owing to untoward cir- 
cumstances, become endemic new aspects of 
the control problem arise but this theme can- 
not be developed here. However something 
should be said about one or two points of in- 
terest. Under epizootic or endemic conditions 
is it not likely that some reported cases of 
“reinfection” in herds which were known to 
have passed through the disease only a rela- 
tively short time before may be due to infec- 
tion, with the same strain of virus, of cattle 
which escaped the disease before, or at least 
acquired only a low grade of immunity due 
to the low invasiveness of the strain? An- 
other possibility is that a strain “variant” 
may have arisen. It is often assumed with- 
out further investigation that such cases of 
so-called “reinfection” are due probably to 


another immunological iy^e. In at least one 
specific case of reported “reinfection” during 
the Mexican epizootic such a belief was not 
substantiated by the examination of the 
virus sample collected. This aspect requires 
further study. 

Examination of samples of virus from out- 
breaks during the course of an epizootic has 
of necessity in the past been very fragmen- 
tary. The observations recorded here suggest 
strong]}" the advisaWity of a more detailed 
and continued examination of as many virus 
samples as possible. This would contribute 
to a better understanding of the epizootio- 
logical picture and the sequence, of events. 
Indeed it would be essential if effective con- 
trol and possibly ultimate elimination of the 
disease was the aim in view. 

Nothing has been said about the possibility 
of the occurrence of other vesicular diseases 
such as vesicular stomatitis or vesicular ex- 
anthema at the same time in areas where 
foot-and-mouth disease is spreading but that 
is another question. 

The problem of the attempted control of 
foot-and-mouth disease by procedures involv- 
ing vaccination is obviously more complex in 
some cases than is generally appreciated but 
not so complex that continued scientific en- 
deavor may not introduce considerable im- 
provements in many directions. It should 
be apparent also that in applying methods of 
control involving vaccination, continual guid- 
ance and indeed direction of the program 
must come from the labora^or^^ 



64 


16618 

Strains of Virus of Foot-and-jVIouth Disease Recovered from Outbreaks 

in Mexico. Identification. 

J. B. Brooksby, W. M. Henderson, and Ian A. Galloway. 

(Introduced by R. E. Shope.) 

From'ihe Research Institnie (Foot-and-Moufh Disca^ie Fcscarch Committee) j Firhright, 


Surrey, 

These observations were made during the 
examination of samples of virus which were 
recovered from cattle during an epizootic in 
Mexico* It was reported that foot-and-mouth 
disease existed in Mexico in the last quarter 
of 1946 arid now in June, 1948, fresh out- 
breaks of the disease are still occurring. Up 
to the present 13 separate samples of virus 
from Mexico have been examined at this In- 
stitute and as will be seen from the results 
recorded all of them could be classified in 
the main Vallee A immunological type group. 
After identification these virus samples were 
termed strains of the virus of foot-and-mouth 
disease, Eor the purpose of future reference 
a list is appended with the dates of collection 
and reported geographical origin: 

MP— Puebla, Dec. 23, 1946 
MPB — Puebla, Jan. 1, 1947 
MC — Camarones, Jan. 21 
MSL — San Lorenzo, Jan. 31 
M.l — Jalisco, Oct. 7 
M.2 — Guerrero, Oct. II 
M.3— Toluca, Sept. 20 
M.4 — Lerma, Sept. 30 
M.5— El Salto, Jalisco, Nov. 

M.6 — El Bajo, Jalisco, Mar. 19, 1948 
M.7 — Guzman, Apr. 12 
M.8 — Zapotiltic, Apr. 13 
M.9 — ^Zapotiltic, Apr. 13 
So far the antigenic behavior of only 2 of 
the virus strains MP (23.12.46) and M.l 
(7.10.47) have been investigated in some de- 
tail but further work is proceeding on the 
Mexican strains of virus and the results will 
be reported later. 

These studies on antigenicity which are re- 
ported in other papers of the present series 
include complement fixation, serum neutral- 
ization and vaccination experiments. 

Identification of infective agent and gen- 


England. 

eral immunological type classification. 

1. Animal Species Susceptibility. 

(a) Inoculation of cattle. 

The respective inoculation of suspensions 
of the thirteen samples of material received 
intradermally into the tongues of cattle has 
produced in ever}^ case a generalized vesicu- 
lar disease resembling, in its general charac- 
teristics, foot-and-mouth disease. 

(b) Inoculation of horses and donkeys. 
Suspensions of some of the samples of material 
received were inoculated intradermally into 
the tongues of horses and donkeys as follows: 

M.l^ — 2 horses and 2 donkeys 

i\1.2— 2 horses 

M.3 — 2 horses 

M.4— 2 donkeys 

MP— 2 donkeys 

and contrary to what might have happened 
if the virus of vesicular stomatitis had been 
involved, no lesions were observed in any ' 
instance. 

(c) Inoculation of swine. Two swine were 
inoculated intramuscularly with a suspension 
of the IMP strain of virus after passage in 
cattle, One showed a vesicular lesion on the 
snout on the third day and on the feet on 
the fourth day and the other failed to de- 
velop lesions. A third pig inoculated by 
scarification of the snout and intradermally 
into the tongue with a suspension of the MP 
strain of virus showed no lesions. 

(d) Inoculation of guinea-pigs. It was 
possible to infect guinea-pigs with suspensions 
of virus samples MP, MPB, MC, MSL, M.l 
and the 9 strains to M.9 by inoculation intra- 
dermally into the pads of the hind feet and a 
generalized vesicular disease developed after 
adaptation to this species. Reference is made 
later to typing tests in guinea-pigs. 

2. Complement Fixation Tests. These 
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have been made with stock type foot-and- 
mouth disease and vesicular stomatitis guinea- 
pig antisera. Tests involving the use of 
diana” and '‘New Jersey” vesicular stomatitis 
stock type antisera were made with the 10 . 
“virus samples” MP, and M.l to iVL9 and 
all yielded negative results. These vesicular 
stomatitis type antisera had been tested 
against their respective agents and had been 
proved type specific.^ 

Complement fixation tests involving the use 
of Vallee A, Vallee 0 and Waldmann C stock 
type foot-and-mouth disease antisera were car- 
ried out with all the 13 virus samples and 
positive results were obtained in every case, 
except one (MPB), with the Vallee A anti- 
serum and not with the Vallee 0 and Wald- 
mann C antisera. 

The complement fixation tests were carried 
out in most cases with first passage material, 
collected from the tongue lesions of inoculated 
cattle, as antigen but in one instance at least 
(MP) a positive result was recorded when a 
suspension of the original material sent, in 
50% glycerine phosphate at pH 7.6, was em- 
ployed as antigen. Negative results were re- 
corded in the tests with MPB both on the 
original sample and on the first passage cattle 
material but the matter was not pursued fur- 
ther as typing tests in guinea-pigs and in cattle 
had already indicated that MPB could be 
placed in the Vallee A type group of the virus 
of foot-and-mouth disease. 

3, Di^erential Filtration. Strains MP 
and M.l after adaptation to guinea-pigs were 
examined respectively by fractional filtration 
through graded “gradocol” (Elford) collodion 
membranes and the end-point of 25 en- 
ables a size value of 8 to 12 m/i to be attrib- 
uted to both. This is the size value previous- 
ly recorded for all strains of foot-and-mouth 
disease virus examined. The size of the virus 
of vesicular stomatitis is about 8 times as 
great, viz. 70-100 m/x. 

4. Ijjociilatiofi hito dcvalophi^ hau eggs. 
It was shown that MP virus would not sur- 
vive when inoculated on the chorio-allantoic 
membranes of developing hen eggs incubated 

iBrooksby, J. B., Broc. Soc. Exe. Bion. axd 
Med., 1948, 67, 254. 


at temperatures of 35®C to 39®C (c/ the 
virus of vesicular stomatitis which can be 
propagated in eggs under these conditions). 
Strain M.l behaved similarly. 

5. General Immunological typing in gui- 
nea-pigs. Five of the Mexican virus strains 
MP, MPB, MC, MSL and M.l after adapta- 
tion to guinea-pigs Avere examined in cross 
immunity tests with standard type guinea- 
pig strains 1 (Vallee 0) GB (Vallee A) and 
GC (Waldmann C) and as a result all 5 were 
classified as of the Vallee A type of the virus 
of foot-and-mouth disease. 

6. General immunological typing m cattle. 
In all 28 cattle recovered from infection with 
knoAvn Vallee A tj^pe strains of the virus of 
foot-and-mouth disease have been inoculated 
with 8 of the virus strains under discussion 
viz. MP (8), MPB (4), MC (4), MSL (4), 
M.l (2), M.2 (2), M.3 (2) and M.4 (2). 
With the first 5 strains the inoculations ^Yere 
made intramuscularly and none of the 22 
cattle inoculated showed any lesions; 14 of 
these cattle were recovered from infection 
with the Pirbright Vallee A type stock cattle 
strain 119 and 8 had recovered from infec- 
tion with an Argentine (A. Cor) Vallee A 
type cattle strain of the virus of foot-and- 
mouth disease. On the other hand 9 con- 
trol susceptible cattle similarly inoculated 
respectively with the different virus samples 
MP (2), MPB (2), MC (1), MSL (2) and 
M.l (2) all developed a generalized infection. 
With the remaining 3 virus strains M.2, M.3 
and M.4 cattle recovered from infection with 
Vallee A type strain 119 vrere inoculated, 2 
cattle for each strain, intradermally into the 
tongue with suspensions and although local 
reactions at the site of inoculation were re- 
corded in 5 out of the 6 animals, no second- 
ary lesions followed on the feet and else- 
where whereas a generalized disease involving 
these sites was observed on all of 6 control 
susceptible cattle similarly inoculated. In 
addition it may be mentioned that the rela- 
tionship as regards the main group immuno- 
logical typing (Vallee A) of the 'Mexican 
virus strains was further illustrated by the 
fact that of 8 cattle recovered from infection 
with the I^Iexican strain MP and subsequently 
inoculated either intramuscularly (M.l) or 



66 


Pathogenicity and Invasiveness 


intradermally into the tongue (M.2, M.3 and 
M.4) with 4 other Mexican strains . of the 
virus, none developed any lesions. 

Furthermore a limited number of tests were 
made inoculating Mexican strains of virus 
into cattle recovered from infection with Val- 
lee O and Waldmann C type strains of the 
virus of -foot-and-mouth disease and in all of 
these a generalized foot-and-mouth disease in- 
fection resulted. 

On perusal of the accumulated evidence it 
will be seen that none of it would suggest that 
any infective agent other than the virus of 
foot-and-mouth disease was present in any of 
the 13 samples of material collected from 


cattle in IMexico and forwarded to Pirbright 
for examination. ^Moreover each of the 13 
strains could be clearly classified in the main 
Vallee A immunological type group of the 
virus under discussion. The examination of 
these Me.xican strains of idrus involved in- 
oculation of cattle, horses, donkeys, swine, 
guinea-pigs and developing hen eggs, frac- 
tional filtration experiments, complement fixa- 
tion tests and cross immunity typing tests 
in guinea-pigs and cattle against stock type 
strains of the virus of foot-and-mouth dis- 
ease and it was therefore much more exhaus- 
tive than that usually ^made of “unknowm’^ 
samples of virus. 
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A report ’on the identification of samples 
of virus received from Mexico has been made,^ 

Before referring to the general effects of 
the IMexican strains of virus in cattle exposed 
to infection by inoculation, by contact with 
diseased cattle, or by the nasal, instillation of 
virus, something should be said about the 
animals emploj^ed in these experiments. 

Foot-and-mouth disease is not endemic in 
Great Britain but is introduced at irregular 
intervals, outbreaks occurring sporadically. 
Since the policy of control is by “stamping- 
out,” that is, elimination of infected and 
“in-contact” animals by slaughter and burn- 
ing (or under the exigencies of war, by 
burial) along with the rigorous application of 
other disinfection and “stand-still” orders, it 
is possible only to purchase cattle with a 
“clean” history as regards foot-and-mouth 
disease. The cattle used in these experime^ 

1 Brooksby, ~J. B., Hciidcrson, W. M., and Gal- 
loway, Ian A., Proc. Soc. Exp. Biol, and Mkd., 
1948, 69, 64. 


were Devon steers between V/t and 2 y^^ears 
old, in good condition and weighing between 
600-800 lbs, and they could be considered as 
relatively “standard.” 

1. Intradcrmal inoadation into the tongue. 
In all 296 cattle have been inoculated with 
centrifuged suspensions or stock filtrates of 
the 13 strains of ^lexican virus. 184 were 
inoculated with MP virus, 80 with !M.l virus, 
and the remaining32 with the other 11 strains. 
293 of these 296 reacted well, with local 
lesions at the sites of inoculation and gen- 
eralized or secondary lesions at some or all 
of the usual sites of predilection, feet, and 
lips, in all cases except 2. These 2 were 
control animals inoculated with filtrates in 
an experiment described elsewhere.- 

There were 3 cattle which failed to show 
lesions at the sites of inoculation. These had 
been inoculated with similar virus material 

••2 Henderson, W. M., Gallown.v, Ian A., mid 
Brooksby, J. B., Proc. Soc. Exp, Biol, a.vl .AIed., 
1948, CO, 77. 
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to that which had produced the disease in 
other cattle. One of these however subse- 
quently developed lesions at sites other than 
those inoculated, probably resulting from 
infection by contact with its box companion 
which had reacted. The other 2 developed 
local lesions on the tongue when re-inoculated 
with the Pirbright stock cattle strain 119 of 
the Vallee A type. 

Such occasional failures to react to intra- 
dermal tongue inoculations of relatively large 
doses of virus have been observed with other 
strains of the virus of foot-and-mouth disease. 

In general therefore Mexican strains of 
virus produce infection in the Pirbright cattle 
with the same degree of regularity as other 
strains )vhen inoculated intradermally into 
the tongue. 

However, there appears to be a tendency for 
delayed appearance of the secondary lesions. 
Moreover, although the presence of these 
secondary lesions on all 4 feet and sometimes 
the lips has been observed in a considerable 
number of cattle inoculated intradermally 
into the tongue with Mexican strains of virus, 
in many animals generalization has been 
incomplete and limited as regards the degree 
of involvement of the feet. 

2. Intravinsadar inocidation. Only 10 
cattle have been inoculated by the intramus- 
cular route, 3 with strain MP, 2 with MPB, 
1 with MC, 2 with MSL, and 2 with M.l, and 
all of these reacted with a severe generalized 
foot-and-mouth disease infection. 

3. Titration of Mexican strains of virus in 
cattle. Observations have been limited so far 
mainly to the MP and M.l strains of virus 
and it has been found from the accumulated 
results of titrations of suspensions of epithe- 
lium from tongue lesions that the mean 50% 
end-point for Mexican strains of virus, 10*^*-^ 
(414 observations) for strain MP and 10~®- 
(394 observations) for strain M.l, is not ap- 
preciably different from that recorded for 
other strains of the virus of foot-and-mouth 
disease, c.g., for stock cattle strain 119 
of the Vallee A type. 

However, it has been noted that a number 
of titrations of Mexican strains, e.g., MP 
and M.l, have been noteworthy for the differ- 
ence in reactions between cattle in pairs used 


for this purpose. It seemed that the effect 
of the virus was impeded to a greater extent 
by any increased inherent resistance of the 
inoculated animal than w^as the case wdth 
other strains of the virus which have been 
studied. This ^vould appear to be a more 
likely explanation than that the cattle used 
in these titrations w'ere exhibiting greater 
variation in susceptibility than when other 
virus strains hav''e been examined. It is inter- 
esting that although the mean 50% end-point 
of titrations of virus suspensions prepared 
from tongue lesions was not widely different 
from that observed with other strains of virus, 
3^et the mean 50% end-point of titrations of 
defibrinated blood collected from cattle at 
the height of infection Avas somewhat low’er, 
10'“-^ (120 observations) for strain MP and 
10~'-^ (60 observations) for strain M.l as com- 
pared with for our stock strain 119. 

Incidentally although an impression ^vas re- 
ceived that individual comparative titrations 
of strains MP and M.l showed in some cases 
a higher titer for the M.l as compared with 
the MP strain, the accumulated results of all 
observations did not confirm this impression. 
The generally lower titer of the blood of cattle 
infected with Mexican strains as compared 
wdth that of animals infected wdth other 
strains of virus seems to fit into the picture 
of the lower invasiveness of Mexican virus 
strains examined. This lesser invasiveness 
w'as demonstrated in the first instance by a 
tendency to slower generalization after intra- 
dermal tongue inoculation but it is apparent 
to a greater degree in the experiments about 
to be described. 

4. Exposure of cattle to infection by contact. 
As will be seen from Fig. 1, of 48 untreated 
susceptible cattle exposed in different ex'peri- 
ments to virus infection with Mexican strains 
by contact with cattle showing w^ell developed 
lesions, 20 failed to show any reactions. All 
the 48 cattle had been placed in contact with 
the virus donors from the time the latter were 
infected by intradermal inoculation of the 
tongue with a strong dose of virus, and had 
been left with them for a period of about 3 
weeks. The important point is that they 
were wdth the virus donors throughout the 
whole of the acute stage of the infection. 
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Fig. 1. 


Contact exiiosure of susceptible cattle to Mexican strain infection. 
Each large rectangle depicts a group of cattle with a horizontal line of 
five squares for each animal. The first square represents the tongue 
and/or lips and the next four squares the four feet. A lesion at any 
particular site is denoted by blackening the appropriate square. A 
diagonal stripe is used when lesions occurred only on the lips and not 
on the tongue. 


.When these 20 non-reactors were inoculated 
subsequently into the tongue with at least 
10,000 IDjo doses of homologous virus, 17 
were shown to have developed a high grade 
of immunity, 11 having no reactions and 6 
having reactions only at the sites of inocula- 
tion. The other 3 behaved in this severe test 
of resistance like unexposed fresh control 
cattle. It is to be noted that such develop- 
ment of an ^"inapparent infection’’ accom- 
panied by a high grade of resistance to rein- 
fection characterizes the foot-and-mouth dis- 
ease pathological picture to a greater degree 
than is appreciated. In the writers’ experi- 
ence the phenomenon is much more pro- 
nounced in the case of the Mexican strains of 
virus under discussion than when contact 
exposure tests are made with other strains of 
virus. 

In marked contrast observations may be 
cited on similar contact exposure tests with 
Pirbright cattle in which strain 119, the stock 


cattle strain of the A^allee A tj^pe was inves- 
tigated. 

Of 72 untreated susceptible control cattle 
(groups of 8 in 9 different experiments) placed 
in contact separatety in boxes with single 
virus donors infected with strain 119 only 
2 failed to develop visible lesions. These two 
were proved to have contracted an ^‘inap- 
parent infection” by the fact that they re- 
sisted the subsequent inoculation of 10,000 
IDuo doses of the homologous virus. Again 
of 52 cattle (5 different experiments, four 
groups of S and one of 20) exposed to infec- 
tion by contact with one virus donor, all 
developed a severe generalized infection. 

It would appear to be justifiable to refer 
to the iVXexican strains of virus as strains of 
reasonably good spreading power but of low 
invasiveness and strain 119 as one of good 
spreading power and high invasiveness. 

Our experiments with other strains of virus 
have shown that some strains, e.g,, 39 and 336, 
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ma\^ be intermediate in their invasiveness. 
This was evidenced in experiments in %vhich 
susceptible cattle are exposed to infection for 
a short time *or individually to single virus 
donors. They differ from the Mexican strains 
in that when groups of susceptible cattle are 
exposed to an accumulation of infection in 
one large box then they have all developed a 
severe generalized disease. An impression 
has been gained also that while certain strains 
of virus may exhibit lability in their spread- 
ing power and invasiveness from time to time 
others have greater stability in this respect. 
There is as yet no reliable information avail- 
able on what factors, e,g., method of storage, 
method of passage in animals, etc., are likeh^ 
to affect the invasiveness of a strain. One 
of the difficulties lies in the setting up of an 
adequate organization for studies of this sort, 
and many strains may have been manipulated 
in the laboratory in one way or other to a 
considerable degree before being submitted 
to investigation. It is certain however that 
some strains, e.g., 119 and the WA strain (a 
Vallee 0 strain which was recovered from 
cattle during the epizootic which spread 
rapidly across Europe during the period 
1937-40), maintain their spreading power 
and invasiveness even after repeated passage 
in cattle by intradermal tongue inoculation or 
after storage in 50% glycerine for periods of 
from 4 to 7 years. 

An attempt was made to enhance the 
invasiveness of the Mexican strain MP by 
infection of cattle by contact exposure pas- 
sages but the series was broken by some of 


the cattle failing to develop lesions. Another 
attempt was made by rapid passages in cattle 
by intradermal tongue inoculations (6th to 
13th passage) but as will be seen from Fig. 1 
the invasiveness was not increased in the 
tests made after the 13th and 16th passages. 

Let it be mentioned also that strain M.l 
recovered from cattle in a field outbreak in 
i\Iexico in October, 1947, when the disease 
had been spreading for about a year exhibited 
the same low invasiveness as strain IMP recov- 
ered from cattle in ^lexico in December, 1946. 

5. Intranasal instillation of virus. It is 
noteworthy that this low invasiveness of strain 
39 {vide supra) and the more pronounced 
low invasiveness of the Mexican strains MP 
and M.l is exhibited also when single or 
repeated large doses of highly active virus 
are administered by intranasai spra\^ and 
inapparent infections may develop in the 
same way under such conditions of experi- 
ment. 

The result of one experiment with the 
Mexican virus strain M.l may be cited. Four 
susceptible cattle received 3 doses of a grado- 
col membrane (Elford) virus filtrate wdth a 
titer of 10“* at 24 hours interval." One animal 
developed lesions on the Sth day followed by 
a severe generalized infection involving the 
mouth and all four feet by the 6th day. The 
three others remained free of lesions and after 
a fortnight they were inoculated intradermally 
into the tongue with a filtrate of a titer of 
10“*. Two showed no lesions and the third 
had local lesions at the site of inoculation only 
\vhich regressed rapidly. 
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Fig. 1. 


Contact exposure of susceptible cattle to Mexican strain infection. 
Eacli large rectangle depicts a group of cattle with a horizontal line of 
five squares for each animal. The first square represents the tongue 
and/or lips and the next four squares the four feet. A lesion at any 
particular site is denoted by blackening the appropriate square. A 
diagonal stripe is used when 'lesions occurred only on the lips and not 
on the tongue. 


.When these 20 non-reactors were inoculated 
subsequently into the tongue with at least 
10,000 ID^o doses of homologous virus, 17 
were shown to have developed a high grade 
of immunity, 11 having no reactions and 6 
having reactions only at the sites of inocula- 
tion. The other 3 behaved in this severe test 
of resistance like unexposed fresh control 
cattle. It is to be noted that such develop- 
ment of an “inapparent infection'' accom- 
panied by a high grade of resistance to rein- 
fection characterizes the foot-and-mouth dis- 
ease pathological picture to a greater degree 
than is appreciated. In the writers' e.xperi- 
ence the phenomenon is much more pro- 
nounced in the case of the iMexican strains of 
vims under discussion than when contact 
exposure tests are made with other strains of 

virus. . , 

In marked contrast obser\'ations may be 
cited on similar contact e.xposure tests with 
Pirbright cattle in which strain 119, the stock 


cattle strain of the \^allee A type was inves- 
tigated. 

Of 72 untreated susceptible control cattle 
(groups of 8 in 9 different experiments) placed 
in contact separately in boxes with single 
virus donors infected with strain 119 only 
2 failed to develop visible lesions. These two 
were proved to have contracted an ^h'nap- 
parent infection" by the fact that tliey re- 
sisted the subsequent inoculation of 10,000 
ID::o doses of the homologous virus. Again 
of 52 cattle (5 different experiments, four 
groups of 8 and one of 20) exposed to infec- 
tion by contact with one virus donor, all 
developed a severe generalized infection. 

It would appear to be justifiable to refer 
to the jMexican strains of virus as strains of 
reasonably good spreading power but of low 
invasiveness and strain 119 as one of good 
spreading power and high invasiveness. 

Our experiments with other strains of virus 
have shown that some strains, c,g., 39 and 336, 
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independently, also showed the value of the 
method. Work at this Institute has been 
directed at increasing the precision of meas- 
urement of the reaction, using methods 
alread^'^ described/ Application of these 
methods to the Mexican strains, together with 
the use of strictly homologous antisera, soon 
confirmed the existence of differences between 
them and strain 119, the stock Vallee A 
strain. The data on these observations are 
presented below. 

Methods. The technic used follows that 
described in the differentiation of vesicular 
stomatitis and foot-and-mouth disease/ and 
the results are presented in the same way, 
all end-points being referred to the dose of 
complement necessary for 50% hemolysis. 
For the differentiation of variants, it is essen- 
tial to prepare a strain-homologous antiserum. 
So far, no success has attended experiments 
\Yith bovine antisera and all results were 
obtained with antisera prepared against the 
guinea pig adapted strains. 

Serum from convalescent guinea pigs was 
used in one or two cases but in the remainder 
a course of intramuscular inoculations with 
virus of the strains concerned was given to 
the convalescent guinea pigs. The antigens 
were 1:4 or 1:10 suspensions of infective 
bovine tongue epithelium, ground in M/25 
phosphate buffer solution with sand. They 
were prepared from 4-24 hours before use 
and centrifuged for 20 minutes at 2,000-3,000 
r.p.m. Complement and the hemolytic sys- 
tem were the same as in the earlier experi- 
n^ents.' The strains used were: 

TABLE I. 

Complement Fixntiou with Vallee A Type 
Variants. 


Virus strain 


Antiserum 

r 



\ 


119 

MP 

M.l 

XU 

119n 

.76 

.62 

.62 

.53 

119b 

.SO 

.01 

.62 

.53 

MP 

.51 

.09 

.56 

.53 

M.l 

.52 

.49 

.79 

.53 

Kil 

.50 

.39 

.36 

,53 


<'> Rodriguez, R., Prado, M., and Palacios, R., 
BoJ. Soc. Paul Mcch vet., 194u, 7, 94, 

Brooksby, J. B., PROc, Soc. Exp. Biol, axd 
Med., 194S, 07, 254. 





UOO. DOSE COMPLEMENT 

Pig. 1. 

Complement-fixation with Vallee A T}T)e 
Variants. The antisera used are indicated thus: 

A, A — Two batches of strain 119 antiserum. 
P — Strain autlsorum. I— Strain M.l anti- 

serum. 

VoUee 0 Type. Strain 1. A strain from 
cattle recovered from a field outbreak in 1924 
and since maintained in guinea pigs. 

Strain 39. A strain from cattle recovered 
from a field outbreak in 1927 and since pas- 
saged in cattle. 

Vallee A Type. Strain GB. A guinea pig 
adapted strain received from the island of 
Rienis, Germany, in 1929. 

Strain 119. A strain from cattle recov- 
ered from a field outbreak in 1932 and since 
passaged in cattle. 

Strain IMP. A strain from cattle recovered 
in Mexico, December, 1946. 

Strains M.l and M.2. Strains from cattle 
recovered in Mexico, October, 1947. 

Strain AX. A cattle-passaged strain re- 
ceived from the Argentine in 1944. 

Waldmamt C Type. Strain GC. A guinea 
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On the basis of cross-immunity tests, the 
great majority of strains of the virus of foot- 
and-mouth disease can be classified as belong- 
ing to one of 3 immunological types, known 
as Vallee O, Vallee A, and Waldmann C. It 
has been suspected, however, almost since 
the types themselves were established, that 
differences of a lesser degree existed in the 
antigenic behavior of some strains within one 
immunological type. Such suspicion arose 
from observations on cross-immunity in cattle 
and guinea pigs, but owing to the dMculties 
associated with experiments in large animals 
with this highly infective virus, and the defi- 
ciencies of experiments in laboratory animals, 
arising from possible alterations in strains 
during passage, - precise obser\’^ations are 
lacking. The differences between such strains 
within a type in any case appeared to be of 
small significance as compared with the very 
clear-cut demarcation of the types themselves. 

When work was proceeding at this Institute, 
during 1947, on strains of virus recovered 
from the present epizootic in Mexico, this 
phenomenon of ^'variant'^ strains was encoun- 
tered in a new and important connection. It 
was found that, although a particular strain 
(MP), from Mexico, could be classified as 
of Vallee A type, vaccination of cattle with a 
potent vaccine prepared from the Pirbright 
slock cattle strain 119 of the same type, gave 
poor protection against the Mexican strain. 
This result is reported in detail elsewhere.^ 

To obtain further information on this dis- 
crepanc}’^, opportunity was taken to apply 
one of the more recent methods of quantita- 
tive study of the virus and its antibody. Cross- 
neutralization tests we re carried o ut as^e- 

iH^alrsoii^ AV. M., Ian A., and 

Brool^sby, J. B., Proc. Soc. Exp. Biol, and Med., 

1H8, CO/ 77. 


scribed in a subsequent paper of this series, 
and the results confirmed the existence of an 
antigenic difference between strains MP 
and 119. 

V^ile this work was in progress, our atten- 
tion was drawn to papers by Traub and 
Rodriguez' and Traub and ]\Idhlmann.^ The 
authors had, in the course of examination of 
field strains by the complement fixation 
method encountered 2 classes of “variant” 
strains of the virus, one of them being within 
the Vall^ A t)qpe group. Some of these 
strains were recovered from vaccinated cattle 
which had later developed the disease. They 
could be shown to be different in their com- 
plement fixing properties from the stock vac- 
cine strain of Vallee A type by cross tests 
with guinea pig antisera prepared against 
the individual strains. Traub and yjohlmann 
drew attention to the complications intro- 
duced into vaccination against the disease 
b^^ the occurrence of these variant strains 
and it is unfortunate that the war has pre- 
vented them from publishing in full their 
protocols. 

The development of complement fixation 
as a method of “typing^’ the virus of foot- 
and-mouth disease dates from the observations 
of Ciuca** in which guinea pig antigen and 
antiserum were used. Traub and Mohlmann^ 
produced reliable and consistent results nith 
bovine virus as antigen, an advance which 
increased greatly the usefulness of the test. 
Rodriguez, Prado, and Palacios/* working 

e Traub, E., and fiodriguez, R., 

Orig., 1944, 151, 3S0. 

«'{ Traub, E., and Mblibnniiii/ H*/ 7icr?. w«d 
MiuicIk ticriirctL ITsehr,, 194G, !♦ 

•iCiiiea, A.. J. Hyo- CamV.f 1929, 2H, 325. 

.“Traub, E., and >^f67ibiiann, H., /W. JMt, Aht., 
Orig., 1943 150, 2S9, 300. 
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OILUTIOt^ OF 'mi antiserum 

Fig. 3. 

The effect of dilution of antiserum on cross-fixation ^vith V allee 
A type variants. 


graphs in Fig. 1, it is clear that the homologous 
mixtures show greater fixation in each case, 
or, as is equally important, the relative effi- 
cacy of fixation by the various antisera de- 
pends on the antigen present. Fixation is 
indicated by the line concerned being further 
to the right. 

Further observations on the relation of the 
variants to each other and to the immuno- 
logical types are presented in Fig. 2. The 
result is shown of tests of strains 39, 119, 
MP, M.l, and 149 with the guinea pig anti- 
sera against strains 1, 119, MP, M.l, and GC. 
In the case of strains 39 and 149 the result 
is clear cut in that no serum other than the 
homologous shows any fixation. In the 
Vallee A group, strain 119 virus shows fixa- 
tion, better with 1 19 antiserum but also ^Yith 
M.l antiserum; MP virus fixes best with ]M.l 
antiserum but also with MP antiserum, and 
IM.l virus shows very strong fixation with 
!M.l antiserum. This result would suggest 
that M.l might be a ^^universaV’ A antiserum; 
but it is more likely to be due to a high con- 
centration of antibody. The MP antiserum 
was from convalescent guinea pigs, as opposed 
to the other sera involved which were obtained 
from hyperimmunized guinea pigs. The re- 
sult with ^IP antigen was therefore, in all 


probability an expression of the low titer of 
the MP antiserum and high titer of the M.l 
antiserum. Such anomalous effects could be 
counteracted by titration and suitable dilu- 
tion of the serum before use in the test. This 
view is supported by the result shown in 
Fig. 3, where dilutions of the same M.l anti- 
serum were prepared and tested against the 
strain homologous virus and 3 other Vallee A 
antigens, 119, MP, and AX. The log. doses 
of complement giving 50% hemolysis are 
plotted against the dilutions of serum and a 
curve obtained by joining the points for each 
antigen. It is apparent from this graph that 
if a 1/64 dilution of serum were used in this 
test, fixation would be shown with only the 
homologous strain, the reaction with other 
strains of the same type having disappeared. 
This finding agrees well \\Tth that shown in 
Traub and Mdhlmann’s paper relating to the 
variants within the Vallee A immunological 
groups encountered by them. 

In carrxdng out the routine type tests, the 
stock antisera used are from h^^perimmunized 
guinea pigs. The aim here is to ensure fixa- 
tion when testing with any strain of the same 
type, and for this purpose a high titer is an 
advantage. A test of the several variant 
strains of Vallee A t>pe with the stock GB 




LOG. DOSE COMPLEME NT 
Fig. 2. 

The TelationsMp of Valine A type variants to other strains. The antisera are indicated thus: 
O — Strain 1 antiserum^ Valine 0 type. 119 — Strain 119 antiserum, Yallee A type. MP — Strain 
MP antiserum, Vallee A type. M.l — Strain M.l antiserum, Valine A type. C-^train GC anti- 
serum, TValdmann C type. 


pig adapted strain received from the island 
of°Riems, Germany, in 1933. 

Strain 149. A strain from cattle recovered 
from a field outbreak in 1934 and since pas- 


saged in cattle. . • 

Results. The result of a simple experiment 
illustrating the detection of variants is pre- 
sented in Table I and f 
Fig 1 Three antigens, from strains 119, 1 1 
and M.l, prepared as 1:10 suspensions of 
infective bovine epithelium, were tested 
against antisera from guinea pigs convalescent 


from infection with these strains. Two sam- 
ples of strain 1 19 antiserum were included. 
The}^ behaved consistently. In the table, the 
values are the logarithmic doses of comple- 
ment corresponding to the 50^ hemolysis 
end-points in the presence of the various 
antigen-antiserum mixtures. The effect of 
the various sera on complement has been 
allowed for by applying a correction to all 
the figures in each horizontal row in the table 
so that the serum control series (without 
antigen) give the same value. From the 
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cattle convalescent from 14 to 21 days after 
the earliest lesion of the disease had appeared. 
Pooled samples of serum from 4 or more 
animals were used. The details of technique 
followed, in general, those described earlier.*^ 
In all but one of the obser\^ations, mixtures 
of diluted virus and excess bovine serum were 
prepared, so that, for example one volume of 
a 10"- dilution of virus filtrate was added to 
9 volumes of the antiserum concerned, giving 
a 10"'* dilution in antiserum. 

From 30-90 minutes after preparing the 
dilutions of virus in antiserum, the series were 
inoculated into the tongues of cattle. Four 
groups of 5 sites vrere inoculated in one ani- 
mal, each group with one serial dilution. Two 
animals were used for each series so that 10 
observations were available on each serial di- 
lution. The calculation of the 50% end-point 
dilution is therefore jusiified. Inoculations 
were made when the animal was narcotized 
with Pentothal Sodium (Abbott),^ and obser- 
vations on the occurrence of lesions at the 
sites inoculated were made at approximately 
20 and 28 hours after inoculation. 

The amount of virus neutralized was ar- 
rived at by deducting the titre (e.g. 10'“*^) 
of the virus in the presence of antiserum from 
the titre (e.g. lO"'" -) of the virus diluted in 
Hartley's Broth, giving for this example 
10'- ". The results of comparative titrations 
of virus in normal serum showed that little 
error could be attributed to non-specific 
effects. 

.4.n alternative method was used in one ex- 
periment described below. Dilutions of anti- 
serum were prepared and each was mixed 
with an equal volume of a virus hltrate suit- 
ably diluted, as estimated on the basis of an 
earlier titration. In this case the dilution of 
antiserum corresponding to the 50% end- 
point was calculated from the result. 

J^esu/fs. The results of 4 experiments are 
represented diagrammatically in Fig. 1-4. On 
Fig. 1-3 are presented the data on the inter- 

•* Brooksby, J. B., 1946, Thesis, University of 
London, (in press as an Agricultural Kesearch 
Council Report.) 

•'Henderson, \\\ M., J. Conip. Paih., 1044 54 
245. 


CONSTANT VIRUS 



SERUM 
Fig. 1. 

Neutralization test ^vith viruses and antiscrii of 
two Vallec A type strains. 

CONSTANT SERUM 



SERUM 

Fig. 2. 

Neutralization test \ntli viruses and antisera of 
two Vallec A .type strains. 

relationship between the Pirbright stock strain 
of Vallee A 119, and the 2 Alexican 

strains ^IP and M.l. It will be noted that 
for the comparison of strains 119 and MP, 
the observations for both serum-dilution and 
virus dilution methods are given. In both 
cases the neutralizing powers of the anti- 
sera were greatest against the corresponding 
strains. 
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antiserum did, in fact^ give the result that 
all the strains fixed complement in the pres- 
ence of GB antiserum, altliough there were 
at least 3 distinct variants in the group of 
strains used. 

Discussion. The occurrence of variant 
strains has imposed new conditions on the 
successful application of the complement fixa- 
tion test in foot-and-mouth disease, as well 
as emphasizing the importance of precision 
in carr 3 dng out the test. In the light of the 
results reported here the necessity for stand- 
ardization of reagents is clear. Definition of 
units for antiserum and antigen must await 


more extended observations. The other essen- 
tial would appear to be the use of a wider 
range of antisera, including in most cases, one 
which is strain homologous. As mentioned ear- 
lier, only further work will show what differ- 
ences in respect of complement fixation must 
be demonstrated before the differences be- 
tween strains are of practical moment in 
immunization. 

Snnimary. Two strains of the virus of 
foot-and-mouth disease, of Vallee A type, 
have been found to differ antigenicalh’’ from 
each other- and from the stock strain of this 
type used in this Institute. 
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The neutralization of the virus of foot-and- 
mouth disease b^’' specific antisera has not 
been studied extensivel^L Bedson, Maitland 
and Burbury^ described a technic in which 
guinea-pigs were used as test animals. They 
referred to the absence of cross neutralization 
between virus and antiserum of different im- 
munological types. In examining 2 strains 
of the same type, they observed, in one ex- 
periment, that although the antiserum pre- 
pared against one strain neutralized to some 
extent virus of both strains, there was greater 
neutralization in the homologous mixtures. 
The errors implicit in their test, however, 
were great enough to make the validity of 
their conclusions somewhat doubtful. The 
development of a neutralization test in cattle 
using the method of inoculation of multiple 
sites on the tongues of cattle has the advan- 
tage of greater accuracy and also makes it 

■ iBeason, S. P., B.,Tii^iirbury, 

Y. M., Foot-and-^louth disease Researeh Commit- 
tee, Slid Progress Report, 1927, London, p. 95. 


possible to deal with both antiserum and virus 
from the naturalli^ susceptible species. Pre- 
liminar}^ investigations suggested that this 
method might be used for the identification 
of immunological tipes of virus in cattle and 
for the detection of even finer antigenic dif- 
ferences. Again, as in the use of the com- 
plement-fixation test in this sphere, caution 
must be applied to the interpretation of re- 
sults and transference of conclusions to the 
field of vaccination experiments. Onl}^ more 
extensive studies can establish the extent of 
the correlations to be expected between this 
and the other methods of measurement of 
antigenic differences. 

Methods. The strains of virus used have 
been described.-"*^ The antisera were from 

2 Brooksby, J. B., Henderson, W. and Gal* 
iOTvay, Inn A., Proc. Soc. Lxn. Bion. axd XIed,, 
1948, GO, 64. 

o Brooksby, J. B., GalloT^’ay, -'L, and Hen- 
derson, W. M., Pkoc. Soc. Exp. Biou Med., 
1948, 60, 70. 
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the observations on strains 119 and !MP. The 
figures for differential neutralization derived 
from these results are 


Behveen strains 39 and 119 

(Vallee 0 and A types) 

BetW’een strains 39 and 149 — 

(Vallee 0 and Waldmann C tvpes) 

Between strains 119 and 149 - 

(Vallee A and Waldmann C types) 
Between strains 119 and MP 


.4.6 

.5.0 

.3.3 

,1.9 


Thus only in the case of strains 119 and 
M.l does the magnitude of a strain difference 
nearly equal a iypt difference. 

Discussion. The antibody produced in re- 
sponse to infection appears to differ qualita- 
tively from strain to strain of those examined. 
The importance of these differences in im- 
munization may depend on a number of fac- 
tors. The antibody response of an animal to 
an injected vaccine may not reproduce quali- 
tativelv the response to an infection even if 


the preparation of vaccine from a particular 
strain has preserved the antigenic peculiar- 
ities of that strain. Again the quantitative 
factors influencing immunization may render 
strain specificity less important than it would 
at first appear. Further comment must be 
deferred until obser\'ations have been accu- 
mulated on these aspects. Strains shown by 
cross-immunity tests in vaccination experi- 
ments to be more closely related than those 
mentioned in this paper require to be exam- 
ined, and work on these lines is continuing. 

Sunnnaf'y. (1) Differences between strains 
of the virus of foot-and-mouth disease of one 
t>pe have been demonstrated by cross-neu- 
tralization tests in cattle. (2) The magni- 
tude of such differences in these experiments 
is not so great as that between immunologi- 
cal tjpes. 
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Experiments on the immunization of cattle 
against infection with strains of virus from 
Alexico 'were made to determine ■whether vac- 
cines prepared from the highly immunogenic 
Pirbright stock cattle strain 119 of the Val- 
lee A type would protect them against in- 
fection with these strains which are of the 
same type. The results of these early e.x- 
periments showed a difference in the antigenic 
behavior of strain 1 19 and the ^lexican strain 
MP. This observation led to a study of these 
and other Mexican strains by methods de- 
scribed elsewhere.^’- Observations were made 
also on the immunizing value of vaccines pre- 

1 BrooVsby, J. B., Galloway, Ian A., and Hen- 
derson, W. XL, pRoc. Soc. Exp. Biol, axd Med., 
1948, on, 70. 


pared from the Mexican strains themselves. 
The problem became complicated later by 
failure of these Mexican strains to infect 
susceptible cattle, in control groups included 
in contact infection tests, with the regularity’’ 
associated with highly invasive strains. 

The pattern of the experiments was the 
same in each case. Vaccines were prepared 
from different strains, groups of cattle were 
injected with these vaccines and 2 to 3 weeks 
later, the protection established was tested 
with the same strain or another strain of the 
same immunological type. 

Methods, Particulars of the strains of virus 

2 Brooksby, J. B., Galloway, Ian A., and Hen- 
derson, W. M., PROc. Soc. Exp. Biol, akd Med., 
1948, CO, 74. 
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Fig. 4 . 

Neutralization tests with viruses and antisera of strain 39 (Vallee 0 tjpe) strains 119 and 
MP (Vallee A type) and strain 149 (Waldinann C type). 


A useful expression of the difference in 
relative activity of two antisera is given by 
the sum of the logarithmic differences in the 
amounts of virus neutralized by them when 
they are tested against first the strain cor- 
responding to one of them and secondly the 
strain corresponding to the other. Thus in 
Fig. 2 the logarithmic difference between the 
amount of virus of strain 119 neutralized by 
strain 119 and strain IMP antisera was 1.1, 
while for virus of strain MP, the logarithmic 
difference was 0.5. The sum of logarithmic 


differences for these 2 antisera is therefore 
1.6, and this value may be called the ‘‘dif- 
ferential neutralization’^ as between strains 
119 and MP. From Fig. 5, similar calcula- 
tion gives the value of the differential neu- 
tralization between, strains IMP and M.l as 
1,5 and between strains M.l and 119 as 3.0. 

The high figure obtained with strains M.l 
and 119 led to an investigation of the differ- 
ences between strains of different immuno- 
logical tjpe. The results of this e.xperiment 
are represented in Fig. 4, which also repeats 
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CONTACT 

EXPOSURE 


‘ STRAIN 
119 


STRAIN 

MP 


STRAIN l\9 VACCINE 
JOcc. 1 30 cc. 


I 



I 


STRAIN MP vaccine CONTROLS 
30 cc. 1 lOOtc. NOVACCINE 


i 


□ 


I 


Fig. 1. 

Experiment A. Contact exposure test \vith strains 119 and 
MP vaccines and viruses. In tins and subsequent figures eacdi 
large rectangle depicts a group of cattle rvith a borizontal line of 
five squares for each animal. The first square represents the 
tongue and/or lips and the next four squares the four feet. A 
lesion at any particular site is denoted hy blackening the appro- 
priate square. 


and AX. In the present experiment, 2 groups 
of cattle injected respectively with 10 cc and 
30 cc doses of vaccine No. 93 (strain 119), 
were exposed to infection by contact with 
virus donors inoculated with strain MP virus. 
As a control of the potency of the vaccine an- 
other group injected with 30 cc were exposed 
in a similar way to infection with strain 119. 
Vaccine No. 94 (MP) was tested by expos- 
ing two groups of cattle injected respectively 
with 100 cc and 30 cc doses to infection with 
strain MP virus. The results of the experi- 
ment represented diagrammatically in Fig. 1 
show that although vaccine 93 (strain 119) 
gave the expected degree of protection against 
the 119 strain, an equivalent amount of vac- 
cine did not protect any of 8 cattle against 
infection with strain ^IP. A clinically rec- 
ognizable disease did not develop in all of 
the control group of susceptible cattle exposed 
to infection by contact under similar condi- 
tions and this point is discussed further w^hen 
the results of the next ex^ieriment are dealt 
with. The results show also that the protec- 
tion conferred on cattle by the strain MP 
vaccine against infection with strain MP 
Tvas not of such a high order as that given by 
a strain 119 vaccine against infection with 
strain 119. 


Experment J5. Contact exposure test with 
strains 119 and MP vaccines and viruses. 

Strain 119 vaccine No. 96 — Titre of blood 

Strain MP vaccine No. 95 — ^Titre of blood 
la^-'^ 

It has already been mentioned^" that the 
titre of the blood of our cattle infected with 
Mexican strains tended to be somewhat low. 
As the titration of infective material only 
assesses the amount of active virus, a low titre 
might not necessarily indicate the true anti- 
genic level. It was for this reason that strain 
MP vaccine No. 95 was used in this experi- 
ment even although the titre of the blood Tvas 
much lowxr than our usual standard for vac- 
cine preparation. 

The experiment was similar to experiment 
A. A dose of 100 cc of the strain 119 vac- 
cine was injected into one group of cattle to 
determine whether increased dosage w^ould 
compensate for the apparent antigenic dis- 
similarity between strains 119 and !MP in ex- 
posure to infection against strain MP and 
another group received 30 cc doses as a link 
with the previous experiment. 

c Henderson, TV. M., Galloway, Ian A,, and 
Brooksby, J. B., Proc. Soc. Exp. Biol, anp Mkp., 
1D48, CJ), GO. 
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Vaccination Experiments 


MP, M.l and 119 used in these experiments 
have already been given. 

Preparation oj Vaccines, Vaccines prepared 
by the inactivation of infective hlood were 
chosen for these experiments. The use of 
this type of vaccine as a prophylactic in foot- 
and-mouth disease was reported first hy 
Graub, Zschokke and Saxer^ and the general 
principles of its preparation have since been 
followed at this Institute in developing in- 
activation tests, vaccine potency tests and for 
studying the difference in antigenicity of 
strains of virus and in other immunological 
problems. • 

Four or five litres of blood were collected 
from the jugular vein of each of g group of 
2, 3 or 4 cattle that had been inoculated 
on the tongue with freshly passaged virus 
material. 

The cattle were bled between the 24th and 
48th hour after inoculation at a time when 
secondary lesions were developing. The blood 
was defibrinated, the samples pooled and a 
1% solution of Du Pont ^^extra pure” crystal 
violet added to give a final concentration of 
0.05%. The inactivation treatment consisted 
of 6 or B days incubation at 37°C. The titre 
of the pooled blood was determined by our 
routine method using cattle.^ Vaccines pre- 
pared from each new strain studied were 
tested for inactivation of the virus after the 
requisite period of incubation at 37 °C. The 
criterion for inactivation or non-in fee tiveness 
was the recording of consistently negative re- 
sults in SO to 120 observations made on the 
sites of multiple tongue inoculations of a group 
of 8 to 12 cattle. 

Vaccination of cattle. Groups of Devon 
steers, to 2 years old were vaccinated by 
subcutaneous injection into the dewlap in the 
region of the brisket. The vaccines were 
usually stored at 4 '"C for a short time after 

SBrooksby, J. B., Henderson, W. M., and Gal- 
loway, Ian A., Vroc, Soc. Exp. Biol, akd Med., 
1948, GO, G4. 

•I Graub, E., Zschokke, W., and Saxer, E., 
Schxceiz. Arclt. TierhcilJ:,, 1939, 81, 4SG. 

r. Henderson, W. M., 1945, Thesis, University of 
Edinburgh, (in press as an Agricultural Research 
Council Report). 


completion of incubation at 37®C. In no case 
was this period longer than 23 days. In other 
experiments the potency of this type of vac- 
cine has been proved to remain unaltered for 
at least 4 months at either 4°C or frozen at 
-20X. 

Exposure of Vaccinated and Control Cattle 
to Infection by Contact, The cattle were 
housed in loose boxes 12 feet square and in 
contact exposure tests one vaccinated or un- 
vaccinated control animal was left in a box 
with an infected animal for at least 14 days. 
This virus donor was a susceptible animal 
which was inoculated in the tongue with 
virus at the time the 2 animals were placed 
together. 

Tongue Inoculation of Vaccinated and Con- 
trol Cattle, The inoculum in each case was 
a 0.55/1 gradocol (Elford) membrane filtrate 
of the supernatant fluid of a centrifuged sus- 
pension of freshly collected vesicle epithelium. 
The filtrate was titrated in cattle an^ a di- 
lution made to provide an inoculum of the 
desired strength. Each animal was inoculated 
intradermally on the tongue at 10 separate 
sites using 0.1 cc at each site. The result of 
a titration is based on similar inoculations of 
0.1 cc amounts. Thus if the 50% positive 
end-point of the inoculum was 10^ then each 
of the 10 sites on the vaccinated or control 
animals’ tongue would receive approximalely 
10,000 50% end-point infective doses ix, 
10,000 I.D. 50. 

Exaviinaiion of Animals. The mouth and 
feet of the cattle were examined daih^ at 
first, and later on every second or third day 
for 3 weeks after contact exposure and for 
2 weeks after inoculation. 

Results. Experiment A. Contact e.vposure 
test with strains 119 and MP vaccines and 
viruses. Strain 119 Vaccine No. 93 — Titre 
of blood 

Strain MP Vaccine No. 94 — Titre of blood 
10 -'". 

The results of previous experiments (as y'et 
unpublished) had shown that from 6 of 8 to 
8 of 8 cattle which had received a 30 cc dose 
of a strain 119 vaccine resisted infection b}" 
contact with virus donors inoculated respec- 
tively with Vallee A t.vpe strains 119, A. Cor. 
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STRAIN 119 VIRUS 


TONGUE INOCUL- 

:ation 10»000 
idso at each 

OF 10 SITES. 


STRAIN 119 Vaccine 

100 cx. 


I 


CONTROLS 
NO VACCINE 



CONTACT 

EXPOSURE 



Fig. 3. 

Comparison of tongue inoculation with contact 
exposure of test animals in a vaccination experi- 
ment. Strain 119 vaccine and virus. 


vasive strain^ 1 19, showed that when the dose 
of vaccine injected is large, protection against 
development of secondary lesions in inocu- 
lated cattle corresponds to complete protec- 
tion against contact infection. 

Experiment C. Tongue inoculation and 
contact exposure test using strain M.l vac- 
cines and virus. 

Strain M.l vaccine No. 102 — ^Titre of blood 
10 - 2 . 8 ^ 


Strain M.l vaccine No. 103- — Titre of blood 
10 - 2,8 addition of a filtrate of an 

epithelial suspension of tongue vesicular 
lesions to give a final titre of 10^^-". 

Two different inocula were used, one hav- 
ing a titre of 10“^-" and the other a 1:1000 
dilution of the first, having a titre of 1(T^-". 
The doses of the vaccines injected were 100 
cc. The results are shown in Fig. 4. While 
the complete absence of secondary lesions in 
all the vaccinated groups demonstrates the 
high degree of protection that can be con- 
ferred on cattle by this type of vaccine pre- 
pared from this strain of virus, it did not 
permit the relative merits of the two vaccines 
to be assessed. Nor did it allow the demon- 
stration of the advantage of giving 2 successive 
smaller doses of vaccine instead of one large 
one. This improved effect has been demon- 
strated in work (unpublished) with other 
strains of virus when the successive doses of 
vaccine were less than in the present instance. 

It will be noted also that there was little 
difference in the effects produced respectively 
by the small or the large amounts of virus 
in the two inocula. It will be appreciated 
that once a primary lesion is produced the 
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BLOOD IBLOOD+FIL- 
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x-xperiment G. Tongue inoculation and contact ex- 
posure test \yith strain M.l vaccines and virus. A white 
uingonal stripe denotes a secondarv lesion on the lip 
tollowing a primary lesion on the tongue. 
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Fig. 2. . 

Experiment B, Contact exposure test witli strains 
119 and MP vaccines and viruses. 


The strain MP vaccine was tested against 
infection with strain 119, as well as against 
infection with strain MP. 

The results are shown in Fig. 2. The 
failure of 6 of the 8 cattle in the unvaccinated 
MP control group to react to infection ren- 
ders negative results valueless in interpreting 
that part of the experiment involving exposure 
to infection with strain MP. The facts that 
6 out of 8 controls as against the 2 out of S 
of the last experiment failed to react to ex- 
posure to infection and that 3 of the 6 non- 
reactors when subsequently tested for sus- 
ceptibility by tongue inoculation reacted like 
fresh susceptible cattle suggests a change in 
the behavior of strain MP from experiment 
to experiment. This is perhaps associated 
with a variation in the invasiveness of the 
strain. The altered conditions in the present 
experiment no doubt account for the fact that 
only 1 of 8 as against 8 out of 8 cattle in 
experiment Ay injected with a 30 cc dose of 
strain 119 vaccine reacted when exposed to 
infection with strain MP. 

The results of the exposure of vaccinated 
cattle to infection with strain 119 showed that 
the protective value of the strain 119 vaccine 
was up to expectation. The complete failure 
of the straw MP vaccine in a dose of 100 cc 
to protect cattle against infection with strain 
119 is unfortunately impossible to interpret 
as the other half of the experiment provided 
no satisfactory estimate of its potency against 


infection with the strain homologous virus 
MP. More extended observations are neces- 
sary to determine whether this lack of pro- 
tection of cattle by the strain MP vaccine, 
under discussion, against infection with strain 
heterologous virus 119 could be attributed to 
the low titre of the blood used in preparing 
the vaccine or was a real antigenic dissimi- 
larity. 

Two facts had arisen during the course of 
this work. Firstly that clinical reactors to 
the Mexican strains of virus did not always 
yield blood of adequate titre for vaccine pro- 
duction. Secondly that these strains were un- 
suitable for use in contact infection experi- 
ments owing to their inability to produce vis- 
ible signs of foot-and-mouth disease in all the 
cattle of an unvaccinated control group. 

Accordingly, in the next experiment a vac- 
cine was prepared by adding a filtrate to in- 
fective blood to ensure having starting 
material of good titre. Also it was decided 
that the method of testing for immunit 3 ’' would 
be altered to the intradermal inoculation of 
the tongue with a filtrate of known virus 
potency in the hope that this would be fol- 
lowed by complete reactions in the animals 
of the control groups. Sufficient data have 
not been accumulated yet to show how the 
results of the tongue inoculation of vaccinated 
cattle can be correlated with those of infec- 
tion contact e.xposure tests. A prelim- 
inary experiment, Fig. a highly in- 
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groups were not of greater magnitude than to 
indicate more than a trend in the direction of 
some antigenic dissimilarity between strains 
M J and MP such as that strongly suggested 
by the results of their examination in comple- 
ment fixation and serum neutralization tests. 
This dissimilarity may have been masked by 
the large dose of vaccine administered. Fur- 
ther observations are necessary in experiments 
in which a series of varying doses of vaccine 
will be used before full significance can be 
attributed to the results of the different meth- 
ods of examination of strains of virus. 

The results show that the lesser protection 
conferred by the strain MP vaccine is con- 
sistent with the lower titre of the blood used 
in its preparation. The ^^bivalent” vaccine 
incorporating both strains induced a compar- 
able resistance against infection with either 
strain when the dose was adequate. 

Summary and Conclusions, The low in- 
vasiveness of the Mexican strains of virus 
used in the vaccination experiments described 
with the resultant incomplete reaction of the 
control groups of cattle made the interpreta- 
tion of the results difficult. Nevertheless 88 
of a total of 96 cattle i.e. 92% which had re- 
ceived a dose of 100 cc of blood vaccine (with 
crystal violet added), in which the method 
of inactivation of the virus is by incubation 
at sho%Yed no lesions in contact tests 

or no secondary lesions in tongue inoculation 
tests when the challenge strain or strains of 
virus (bivalent vaccines) were those used for 
preparing the vaccine. Even if all tests are 
included i.e, tests in which the doses of vac- 
cine were 100 cc or only 30 cc or 25 cc or the 
challenge Mexican strain of virus was not the 
same as that used for vaccine production 110 
of 136 i.c. 81% showed equivalent protection. 
This compared with the 12 of 56 i.e, 21% of 
non-vaccinated control cattle which remained 
free of all lesions in contact tests and sec- 
ondary lesions in tongue inoculation tests. 

As a comparison a series of observations 
(unpublished) with strain 119 made in a 
similar way may be cited. In these experi- 
ments 72 of a total of 72 cattle i.c. 100% in- 
jected with 100 cc of a strain 119 vaccine re- 
mained free of all lesions in contact tests and 


secondary lesions in tongue inoculation tests 
when tested with strain 119* If 68 cattle 
which received only 30 cc of vaccine are 
added, 133 of a total of 140 i,e, 95% sim- 
ilarly remained free of lesions. These figures 
can be compared with 2 of a total of 88 i.e, 
2.3% of animals in the un vaccina ted control 
groups which similarly remained free of 
lesions. 

These figures indicate the effectiveness of 
the type of vaccine employed in these experi- 
ments and give some idea of the good im- 
munogenicity of the Mexican strains of virus. 

The difference in antigenic behavior be- 
tween the Mexican strains M.l and MP was 
not as clear cut as those recorded in the com- 
plement fixation and serum neutralization 
tests. 

More comparative data are required to in- 
terpret the significance of the antigenic dis- 
similarity between strains indicated by the 
different methods of examination. 

It is noteworthy that although the Mexi- 
can strains under review were clearly classi- 
fiable in the Vallee A immunological group of 
foot-and-mouth disease virus, a potent vac- 
cine prepared from the Pirbright stock Val- 
lee A type strain 119 did not protect cattle 
against infection with strain MP virus under 
the conditions of the experiment.* 

* Since this paper was submitted for publication 
the question of -whether a large dose of a strain 
119 vaccine -would mask this antigenie dissimi- 
larity has been investigated further. The oppor- 
tunity -was taken also to study the antigenic rela- 
tionship of strain 119 and strain M.l, In a tongue 
inoculation experiment three groups of eight cattle 
vaccinated respectively with 100 cc doses of a 
strain 119 vaccine were inoculated intradermally 
in the tongue 2yj weeks later with strain 119, 
strain MP and strain M.l viruses respectively. In 
the group tested with strain 119 (10,000 I.P. 50) 
six animals showed no reaction and two had pri- 
mary lesions ' with no development of secondary 
lesions. In the group tested with strain MP 
(2,500 I.D. 50) and strain M.l (2,500 I.B. 50) all 
of each group of eight animals developed primary 
lesions and, in each case, five of the eight devel- 
oped secondary lesions; 1 foot, 2, 2, 4 and 4 feet 
respectively in the l^tP group and 2, 4, 4, 4 and 4 
feet in the M.l group. AH the cattle in the un- 
vaccinated control groups showed complete devel- 
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Pig, 5. 

Experiiiipnt D. Tongue inoculation test with strains M.l and IMP vaccines, a 'Miivalent^' 
vaccine incorporating strains M,1 and ^tP, and strains ]\X.l and MP viruses, A white djagon.iJ 
stripe denotes a secondary lesion on the lip following a primary lesion on the tongue. 


quantity of virus originally inoculated bears 
no relation to the severity of the test for the 
animals have then to contend with the greatly 
increased amount of virus released from the 
focus of multiplication. The non-appearance 
of a primary lesion in k vaccinated animal 
following the tongue inoculation of virus is 
undoubtedly of significance. Nevertheless the 
production of a primary lesion must consti- 
tute a severe test of the animaPs immunity. 

A contact exposure test was carried out at 
the same time and the cattle of the control 
groups of the tongue inoculation test were 
used as virus donors. Eight cattle injected 
with 100 cc of vaccine No, 102 were exposed 
to virus infection by contact and there was 
a group of 8 unvaccinated control cattle. 

Although here again the incomplete reac- 
tion of the cattle of the control group compli- 
cates the picture to some extent, the result 
of the comparative test confirms that shonm 
in Fig. 3 in the experiment in which strain 
119 was used. 

Rxpcrivient D* Tongue inoculation test 
using strain ^1,1 and MP vaccines, a bi- 


valent’^ vaccine incorporating strains M.l and 
MP, and strain M.l and MP viruses. 

Strain M.l vaccine No. 105 — Titre of blood 
10 --. 

Strain i\IP vaccine No, 106 — Titre of blood 
10 -“^ 

Strain jM.T + vaccine No. 107 — a niLv- 
ture of equal quantities of vaccines Nos. 105 
and 106 made at the completion of the in- 
cubation of each component. 

This e.xperiment was planned as the first 
of a series to determine the significance in the 
Immunization picture of the differences re- 
corded in the complement fixation and serum 
neutralization tests between strains M.l and 
MP. The titres of the respective inocula of 
the 2 strains were approximateh* the same 
ztfs. Primary lesions u'ere produced in 

the majority of the animals and the estimate 
of the efficacy of the vaccines was based 
largely on the non -development of secondary 
lesions. .Altliough each vaccine gave better 
protection against the strain of virus used in 
its preparation than against the other, Fig. 5, 
the differences in the results between the 
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Fig. 1. Effect of 0.2 tnM/kg BAL injected intramuscularly 3 times Tveekly and the effect 
of cobaltous chloride (0.357 mg calculated as Co) injected subcutaueously 5 times weekly on 
the hematocrit and hemoglobin %’alues of rats. 



Time after treatment (days) 

. of 0.2 mMAg BAL injected 3 times weekly 4- 0,357 mg cobaltous chloride 

ni.iectca o times weekly and the effect of cobaltous chloride 4* BAL, beginning G weeks after 
cobalt treatment had boon initiated, on the hemoglobin and hematocrit values of rats. 
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BAL Effect on Cobalt Polycythemia 


This result emphasizes the necessity in at- 
tempting prophylactic control of Mexican 
virus infection, of testing vaccines prepared 
from Vallee A strains other than selected 
Mexican strains under controlled experimental 
conditions before using them in the field. 


opraent of primary and secondary lesions; strain 


119, 16 cattle; strain MP, S cattle; strain M.l, S 
cattle. 

This result shows that a large dose of a strain 
119 vaccine is insufficient to mask the antigenic 
dissimilarity between strain 119 and the Mexican 
strains SIP and M.1 and that the tongue inocula- 
tion test as well as the contact exposure test can 
be used to demonstrate tliese differences in anti- 
genic behavior. 
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Effect of BAL on Cobalt-induced Polycythemia in Rats. 

Leon O. Jacobson, Edna K. Marks, and Evelyn Gaston. 

From the Argonne l^ational Lahoratorg and the VeparUneni of Medicine, University of 

GldcagOy Chicago, llh 


Introduction. In preparation for a study 
of the effect of BAL (British Anti-Lewisite) 
on the biological effects and the excretion of 
radioarsenic (As"®), an experiment was de- 
signed to determine the influence of this 
chemical agent on the development of cobalt- 
induced poIyc 3 ^themia in rats. The mech- 
anism of cobalt-induced polycythemia is not 
understood. 

Barron et aiy demonstrated a decreased res- 
piration (Warburg) of hemopoietic tissue 
from cobalt-stimulated animals. This was 
not corroborated by Warren ct air Recently 
Burk ei al?~^ have shown that the toxic action 
of cobalt is related to its effect on -SH groups. 
It seemed worthwhile, therefore, to determine 
whether or not BAL, which is effective in the 
protection of -SH groups from arsenical 
poisoning, would prevent cobalt-induced poly- 
cythemia in rats. 

1 Barron, A. G., and Barron, E. S. G., Paoc. Soc. 
Exp. Biod. and Med., 1937, 35, 407. 

2 Warren, C. O., Schubmelil, G. S., and Wood, 
r. E., Am, J. Fhysioh, 1944, 142, 173. 

3 Burk, D., Schade, A. L., Hcsselbach, M. L., and 
Fischer, C., Fed. Proc., 1946, 5, 12G. 

4 Burk, L., Hearon, J., CaroHue, and Schado, 
A. L., J. Biol. Chem.j 1946, 1C5, 723. 

s Burk, D., Hesselbach, M. E., Pischer, C., 
Hearon, J., and Schade, A., Cancer Research, 3946, 

0, 497. 


Material and Methods. Young Sprague- 
Dawley rats weighing approximately 300 g 
each AA’ere divided into 5 groups and prepared 
as follows: Group I (5 rats) served as a 
control; Group II (5 rats) received 0.2 
mM/kg of BAL in peanut oil intramuscularly 
3 times weekJ}^; Group III (15 rats) received 
cobaltous chloride subcutaneously 5 times 
weekl^^ (0,357 mg calculated as Co); Group 
IV (5 rats) received 0.2 mM/kg of BAL 3 
times weekly; and Group V (5 rats) received 
cobalt as above but the BAL was begun 6 
weeks after the cobalt was initiated. 

Two control hemoglobin and hematocrit 
(Kato) determinations were made on all rats 
prior to starting the BAL or cobalt injections 
and at biweeklj’’ or monthly intervals there- 
after. 

Results. As is indicated in Fig. 1 and 2 
the animals which were given BAL and cobalt 
from the beginning of the experiment, the 
animals which were given cobalt from the be- 
ginning and BAL 6 weeks later, and the ani- 
mals which were given only cobalt developed 
a comparable polycythemia (increase In hemo- 
globin and hematocrit values) in approxi- 
mately 8 weeks. The hemoglobin and hema- 
tocrit values of control animals and animals 
that received BAL onh'' remained essentially 
constant. 

Discussion. The dose of BAL used in this 
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Fibrillar. Structure in Cytoplasm 



Fig. 1 X 6525. 

Large masses of sausage shaped mitochondria are scattered over entire field. Smaller black 
round bodies are fat droplets. Fibrous structure ma^' be seen criss'crossing throughout picture. 


whole area bounded by parallel fibrous bands. 
This appears to be a static representation of 
the streams of material which can be seen in 
the movies of these cells. In other areas, the 
great masses of mitochondria may be seen 
crossing those fibrous bands. 

This fibrillar structure when present is 
clear and definite but is not present in every 
cell and thus may well represent a phase in 
either the growth or migration of the cells. 
Such structures have not previously been de- 
scribed in electron microscope studies of simi- 


lar cells'^’-'^^ and many types of cells will have 
to be studied before their general significance 
can be established. 

Although the above findings cannot in 

^ Porter, K. R., and Thomson, H. P., Ca7iccr 
Research f 1947, 7, 431. 

r> Claude, A., Porter, K. R., and Pickels, E. G., 
Cancer Research, 1947, 7, 421. 

t Porter has since stated that the ^‘cytoplasm 
may show a number of fine fibrils which seem to 
bo differentiations of an otherwise homogeneous 
cytoplasm,’*^ Ayiat. 1948, 100, 72. 
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experiment has been shown by Olcott et aL^ 
to be essentially nontoxic for rats when given 
over a period of 18 days. This dose is 10 
times the minimal effective dose for the treat- 
ment of acute arsenical poisoning in cats. 
Since the mechanism of cobalt-induced poly- 
cythemia is not known, little can be said con- 
cerning the apparent ineffectiveness of BAL 
to prevent it in rats under the conditions of 
this experiment. The toxicity of BAL seems 


c Olcott, C. T., and Biker, "W. F., Scienccj 1947, 
105 , 67 . 


to be relatively minimal since administration 
over a period of months produced little 
effect other than slightly retarding weight 
gain. This experiment indicates that a com- 
parative study of the effect of radioarsenic 
(As**^) on cobalt-induced polycythemia in rats 
with or without BAL injection is feasible. 

Coiichtswus, BAL in a dose of 0.2 
mi\I/kg given 3 times weekly fails to pre- 
vent, cure, or materially alter cobalt-induced 
polycythemia in rats. The general toxicity 
of BAL appears minimal when given in this 
dosage over a 3j4-month period. 
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A Fibrillar Structure in Rat Fibroblasts as Seen by Electron Microscopy. 
Frederik B. Bang and George O. Gey. 

'From the ’De’^iarimcnis of Medicine and Surgery j Johns Kopkins tJniversity School of Medicine, 

BalthnorCf Md* 


During the course of comparative tissue 
culture studies of a strain of normal rat fibro- 
blasts and its malignant cell derivative,^ we 
obtained preparations of both of these cell 
types which under the electron microscopet 
showed an unmistakable fibrillar structure in 
the thinly spread cytoplasm. The fibrils, of 
an estimated thickness of 10 to 100 m^, 
may converge and diverge in fan-like forma- 
tions of great regularity (Fig. 1) but are more 
often seen gathered together in long bands 
of varying widths (Fig. 2), The composite 
bands are seen clearly in phase microscope 
movies of the cells, ^ but it is only by the in- 

* Supported in part bj" a grant-in-aid from the 
IT. S. Public Health Service. 

t Our technic of study of tissue cultured cells U 
essentially that of Porter^ with the exception that 
fixation and staining has been limited to 10 min- 
utes exposure to osmic acid vapors. 

We are indebted to Warren A. Hovis for con- 
stant careful technical assistance in the prepara- 
tion of the slides and photographs. 

1 Gev, G. O., Cancer Fcscarchy 1941, 1, 737 
(absoV^iror, W. M., and Gey, G. 0., Ann. Sttrg., 
1945, ISl, 700. 


creased resolution available with the electron 
microscope that the nature of the bands be- 
comes clear. They are apparently composed 
of long thin converging fibrils which in general 
radiate from the dense central area. That the 
fibrils are hot produced b}^ a wrinkling of the 
formvar membrane on which the cell is 
stretched is indicated by their uniformity, by 
their sharp change in direction in certain areas 
of the periphery, and by their fine converging 
and diverging structure. Besides this, no 
wrinkles were seen in the membrane outside 
of the cellular area where clear visualization 
is possible. 

Of interest are the relations of these bands 
to the general structure. The mitochondria, 
often long and thin, seem frequently to be as- 
sociated w^ith individual fat droplets. Some 
of the elongated mitochondria are found in 
areas which show many microsomes, with the 

Porter, K. B., Claude, A., and Fullnm, E. F., 
J. Exp. Med., 1945, SI, 233. 

3 Gey, G. O., Gey, M. K., Firor, W. M., and Self, 
W. O., Acta Union Intcnuitiotiole Centre Ic Cancer, 
1948, in press. 
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formulated in terms of a continuously chang- 
ing sol-gel system (^vlast)^“ and this concept 
has been further developed and applied by 
Lewis^^ to rat fibroblasts. Since gels proba- 
bly acquire their rigidity from a structure of 

10 Mast, S. 0., Proiophism, 1931, 14, 321. 


interwoven fibers, this does not basically differ 
from the theory of the fibrillar structure of 
cytoplasm. 

II Lewis, W. H., In the Structure of Protoplasm. 
A Monograph of the Am. Soc. of Plan Phys., 
Iowa State College Press, 1942. 
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The Structure of Unstained 'Reticulocyte^. 

George Brecher. (Introduced by K. M. Endicott.) 

Frovi the Pathology Pahoratory, Pxperivicntal Biology and Medicine Institute, National 
Institute of Health, JJ, S, Pxiblxc Health Service, Bethesda, Ud. 


Brilliant cresyl blue and certain other basic 
dyes, if applied to fluid blood, bring out a 
reticulum in young red blood cells. This retic- 
ulum fails to appear if brilliant cresyl blue or 
other basic dyes are applied to dried and 
alcohol fixed blood smears. Moreover^ no 
reticular structure could hitherto be demon- 
strated in the young red blood cells by micro- 
scopic examination of unstained blood with 
direct or oblique illumination, dark field il- 
lumination or in ultraviolet light.^ 

While examining unstained wet blood films 
of albino mice with the phase microscope, we 
found that an occasional red blood cell showed 
a very delicate, hardly discernible reticulum. 
The cells showing this reticulum were fewer 
in number than the reticulocytes demonstra- 
ble by supravital staining with brilliant cresyl 
blue. However, when certain hypotonic salt 
solutions, preferably potassium oxalate 0.8% 
or ammonium o.xalate 1.2% were mixed with 
the fresh blood, a larger number of cells, 
corresponding to the percentage of reticulo- 
cytes, showed distinct granules and short rods 
within their cytoplasm. 

Most of these rods and granules showed 
prominent Brownian movement. In such 
preparation, varying number of cells showed 
marked loss of hemoglobin. Granules pre- 
dominated in hemolyzed cells, while rods were 

1 isnnes, I?., in Downey, Ila ndbook o f Hcrna toT- 
ogy (New York: Paul Hoober), 1938, 1, IG. 


more prominent in cells containing ample 
hemoglobin. The percentage of cells show- 
ing rods or granules was higher in those areas 
of the preparation in which hemolysis was 
marked. Smears, dried and fixed in alcohol, 
failed to show these cytoplasmic structures. 
However, dried but unfixed smears, if mounted 
in 10% formalin or 1.2% ammonium oxalate, 
(Fig. 1), showed rods and granules resembling 
those seen in the fresh preparations. Also, 
fixation of dried smears in 3% aqueous po- 
tassium dichromate did not interfere with the 
demonstration of the rods and granules. It is. 
noteworthy that both formalin and dichromate 
applied to the dried smear hemolyzed the red 
blood cells. Formalin added to fresh blood 



Fig. 1. 

Phnsc illumination of dried lilm of mouse blood 
mounted in 1.2% ammonium oxalate. 




FiGt 2 , 

Parallel fibrous bauds euclosiug mitochondria aud fat droplets in bed of ground substance 


themselves establish the presence of these 
fibrils in living cells, electron microscope 
•studies have previousl}^ demonstrated fibrillar 
structure in specialized components of the 
cytoplasm such as the axons of nerve cells® 
and the tails of sperm cells/ 

Furthermore, it has been supposed for some 
time that cytoplasm may have a basic fibril- 
lar structure/ This is based on the demon- 

CDeKobertis, E., anti Sclimitt, F. O., J. Cell, 
and Comp. Phj/s., 1948, 38, 1. 

7 Schmitt, F. 0., In Advances in Protein Cheiu- 
istr)’ I., New York, Academic Press, 1944. 


stration of the elasticity of protoplasm (both 
to externally applied tensions and to internally 
displaced foreign -bodies) and on the viscosi- 
ty of the cytoplasm. IMonne believes that the 
studies using the polarization microscope 
prove that the ground C3-toplasm of normal 
living cells has a fibrillar structure’ .” 

The motilitj' of Amoeba protcus has been 

S Frey-Wvssing, A., SiiJj microscopic Morphology 
of Protoplasm and Its Derivatives, Xck York, 
Elsevier Publishing Co.. 191S, 

^ Mound, L., In Advances in Enzvmology YIH, 
Xew York, Interscicncc Publishers, 194S. 
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and, after varying periods of rest, croton oil, a 
nori-carcinogenic agent, was used to evoke 
the neoplasms; in the other ultraviolet ir- 
radiation was used for hoth periods of treat- 
ment. 

Methylcholanthrene - croton oil. Young 
adult strain C mice of both sexes were used. 
They were kept on shavings in groups of 
20-24 in metal box cages with a stock grain 
ration and water available at all times. A 
solution of 0.2% methylcholanthrene in ben- 
zyl alcohol was painted oh the backs of all 
mice twice weekly for 19 weeks. At this time 
approximately 10% of the animals had papil- 
lomas. The mice with papillomas were dis- 
carded and those free of visible tumors were 
divided into 6 groups of 42. These were then 
treated as follows: One group received no 
further treatment, another had the hydrocar- 
bon applications continued for 13 weeks, and 
in a third group a 0.5% solution of croton 
oil in benzyl alcohol was applied to the pre- 
carcinogenic area, 3 times a week for thir- 
teen weeks. The remaining 3 groups were 
also painted with croton oil in the same man- 
ner as the latter group except that rest periods 
of 4, 9, and 13 weeks elapsed between the 
cessation of methylcholanthrene application 
and the start of the treatment with croton oil. 
The incidence of tumors was checked every 
2 weeks and they were classified as papillomas 
and carcinomas. 

Ultraviolet Irradiation. Young adult albino 
strain C mice of both sexes were used. They 
were kept on shavings in groups of 24 in or- 
dinary metal box cages with a stock grain 
ration and water available at all times except 
during irradiation. At the time for raying, 
they were transferred to a special cage 25.5 
cm square by 3 cm deep, constructed of wire 
mesh, and divided into 24 individual com- 
partments to prevent the mice huddling to- 
gether and to minimize movements.^ Except 
for rest periods, all mice were irradiated 30 
minutes a day, 6 days a week with the light 
of a medium pressure mercury vapor lamp. 
The daily amount of irradiation was 3.6 x 10" 
ergs /cm- at an intensity of 2 x 10^ ergs/cm- 

0 Rttsch, H. P., K\ine, B. E.. ana Baumann, 

Arch. Path., 1941, 31, 135 



N = Free of malignant ncoplnams, T m Malignant neoplasm. 
* At 11 montlis there were: N T % 
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Effect of Interrupted Carcinogenic Treatment 


prevented hemolysis^ but also prevented the 
demonstration of rods and granules when 
blood so treated, was examined in either wet 
or dried films. 

The identity of the cells containing rods and 
granules with reticulocytes could be demon- 
strated 'by adding a small amount of bril- 
liant cresyl blue or new methylene blue- 
to the oxalate solution used in preparing wet 
films. When this was done, the rods and 
granules were incorporated into stainable 
reticulum. Even small amounts of these 
basic dyes stained the reticulocytes very 
rapidly and only an occasional cell could 

^Brecher, G., unpublished datn. 


actual!}^ be observed in the process of 
staining. From such observations it ap- 
peared that some of the granules seen 
in unstained preparation corresponded to the 
metachromatic granules seen in the midst of 
the reticulum when stained with basic dyes.^ 
The reticulum, however, appeared frequentl\' 
independently of the preexisting granules, 
although these granules may be incorporated 
into the meshes of the reticulum. 

Preliminary e.xperiments demonstrated es- 
sentially similar rods and granules in human 
reticulocytes. 

3 Cesaris-Demcl, A., J^oUa hcmat., 1907, 4, 
Suppl. 1, p. 1. 
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Influence of Interrupted Carcinogenic Treatment on Tumor Formation.* 


H. P. Rusch and B. E. Kline. 

From ihe McArdle Mevwrial Zahoratary, University of Wiscoiisin Medical School, Madison, 

Wisconsin. 


There is considerable evidence that the 
formation of cancer occurs as a series of bio- 
logical changes.^-^ This concept is supported 
by several types of experimental data but of 
special consequence is the evidence of a 
latent period under certain conditions of car- 
cinogenesis. When a carcinogen is applied 
to the skin of mice for a time short of that 
necessary to induce tumors^ the subsequent 
resumption of the carcinogenic stimulus will 
quickly evoke the formation of tumors even 

* This investigation was supported by a grant 
from the American Cancer Society on recom- 
mendation of tile Committee on Giowtli of the 
National Researcli Council and by a grant from 
the Jonathan Bowman Fund for Cancer Research. 

1 Bcrenblum, I., and Shubik, P., Brit. J. Cancer, 
1947, 1, 383. 

2 F^icde^Yald, F., and Rous, P., J. Fxp. Med., 
1944, SO, 101. 

3 Rusch, H. P., Physiol Fcv., 1944, 24, 177. 

4 Kline, B. E., and Rusch, H. P., Cancer Fes., 

1944, 4, 762. , , ^ 

5 Rusch, IL P., and Kline, B. E., Arch. Path., 

194C, 42, 445. 


though 2 to 3 months intervene between the 
2 periods of treatment.^' Actually a noncar- 
cinogenic agent, such as heat, a wound or 
croton oil, may substitute for the carcinogen 
in the second period.”*^ Such observations 
indicate that the initial application of the 
carcinogen produces alterations in the cells 
that persist for a considerable period. Wheth- 
er the initial cellular changes revert gradually 
or persist indefinitely is not known. In order 
to test this point, rest periods from one to 3 
months were interspersed between 2 periods 
during which the carcinogens were applied to 
mice at minimal carcinogenic levels. It was 
thus possible to obtain some information on 
the reversibility of the process. 

Procedure. This investigation may be di- 
vided into two parts: in one, meth\dcholan- 
threne was employed to initiate the process 

fiLavik, P. ^ Moore, P. R., Riiseli. II. P., and 
Baumann, C. A., Cancer Fes., 1942, 2, 189. 

7Des Ligneris, M. J. A., Am. J. Cancer, 2940, 
40, 1. 

P Bcrenblum, I., Arch. Path., 3944, 233. 
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neoplasms was slower and the eventual num- 
ber of tumors obtained was less than in the 
other groups; the incidence at the end of 
11 months being 43%, 

Ultraviolet Irradiation, The rate at which 
tumors appeared in the various groups of 
mice irradiated with ultraviolet light is given 
in detail in Table IL The animals remained 
in good health throughout the experiment and 
the tumors formed were identical to those pre- 
viously reported.^® Mice rayed continuously 
for 5 months developed tumors rapidly and 
there was an incidence of 88% after 8 months 
(Group A). In the next 3 groups the 5 
months of irradiation was divided into two 
periods with an initial irradiation of 3 months 
separated from the last 2 months by rest 
periods of one, 2 or 3 months. A rest of 
one month had little effect on tumor forma- 
tion, and the results were essentially the 
same as for the control group (Group B). 
However, when the rest period was prolonged 
to 2 or 3 months, the incidence of neoplasms 
at 9 months was only 55 and 50% respectively 
(Groups C and D), but the rate of tumor 
formation in these groups was similar to that 
in Groups A and B. The rapid response to 
the second period of raying is evident from 
the data. 

The effect of various other periods of ir- 
radiation or rest were also obser\^ed. When 
the total 5 months' irradiation was divided 
so that the initial 3 months of raying was fol- 
lowed by one of rest, one of ray, another of 
rest and a final one of irradiation (Group E), 
the results were similar to those obtained when 
the initial period was followed by one of rest 
and 2 of irradiation (Group B). Essentially 
no difference was seen when the final period 
of irradiation was only of one month duration 
instead of 2 (Group F). When 3 months of 
irradiation were divided so that the initial 
period of one month was separated from the 
final period by a month of rest, (Group G), 
the results were similar to those obtained 
when they received the same total dose over a 
continuous period (Group K). 

Groups H, I and J illustrate that a minimal 

Grady, 11, G,, BUiiti, II. F., and Kirby-Sinitli, 
J. S., .7, Cancer Inst,^ 1943, 3, 371. 


amount of irradiation was required to induce 
tumors. Since this fact had been previously 
known these groups were employed only for 
controls of the present experiment. One 
month of irradiation by itself was insufficient^ 
to elicit turriors during the period of observa- 
tion (Group I). The practical minimal time 
under the condition of this experiment was 
2 months of continuous irradiation (Group 
J) and the same total dosage divided into 2 
equal periods but' separated by a month of 
rest was ineffective (Group H). Mice rayed 
for 3 months had a tumor incidence of 21% 
at the end of 9 months (Group K), and 4 
months of continuous irradiation (Group L) 
was almost as effective as 5 months. In re- 
trospect, it appears that the lower incidence 
of tumors obtained with only 2 months of 
irradiation would have been a more satisfac- 
tory initial dose for testing the effect of rest 
periods than the longer period used in this 
experiment. The longer initial period was 
selected on the basis of previous work that 
indicated a two month period to be a marginal 
one. 

Di sens si on. The present investigation 
strengthens our previous suggestions that the 
process of tumor formation can be divided 
into 3 periods.^-^ The initial phase is a con- 
version of a few normal cells into a few 
neoplastic cells and has been called the Period 
of Induction** or the Initiating Process.^’- 
The next stage is the multiplication of such 
cells into growing visible tumors, and it is 
the division of this period into two separate 
stages that we wish to emphasize. The first 
of these periods is the Critical Period.^ This 
starts when the genesis of the neoplastic 
cell has been completed and is that stage 
in which cellular proliferation is delicately 
balanced. During this phase there are so few 
neoplastic cells present that they are more 
or less lost among the normal cells, and since 
their mass has not yet attained a size suf- 
ficient to receive a direct supply of blood, 
they must compete with the healthy cells for 
the nutrients in the tissue spaces. At such 
times these cells are the most susceptible to 
the influence of their environment; they may 
proliferate, lie dormant, or succumb, or all 
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EfCcct of Rest Pcriotls on Tumor Incidence Eollowliig Treatment with Ultraviolet Irradiation. 

Tumor incidence — months after start of raying 
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/sec. The mice. were examined for tumors 
every 2 weel^ and were weighed at monthly 
intervals. Details of procedure for each group 
are given in Table II. 

Results, Methylcholanthrcnc-Croton OIL 
The rates of tumor formation in the various 
groups of mice are listed in Table I. At the 
end of 19 weeks of treatment with methyl- 
cholanthrene about 10% of the mice had 
developed papillomas. At this time, the ap- 
plications of h}^drocarbon were stopped and 
all the animals with visible tumors were dis- 
carded. The remaining mice were divided 
into 6 groups of 42 each and were treated ac- 
cording to the method indicated in Table I. 

The formation of papillomas continued at 
a rapid rate in all groups, and one month 
after the initial methylcholanthrene had been 
discontinued, less than half of the mice in all 
groups were free of benign tumors. The rate 
of formation of the malignant neoplasms was 
slower and varied considerably among the 
groups. In the mice that received no further 
treatment, the rate was steadil}'^ upward and 
33% of the animals had carcinomas at the 
end of 10 months (Group 6). The rate of 
development of malignant tumors was very 
rapid in the mice of the control group in 
which the hydrocarbon was continued for 
another 3 months (Group 1) and in the mice 
that were painted with croton oil immediately 
after the initial period (Group 2). The final 
incidence of tumors after 10 months in these 
latter 2 groups was 98 and 85% respectively. 
In confirmation of the earlier observation of 
Berenblum® croton oil was almost as effective 
as methylcholanthrene in eliciting tumors in 
a precarcinogenic area. When periods of one 
or 2 months were allowed to elapse before the 
application of croton oil, the development of 
carcinomas was delayed slightly (Groups 3 
and 4), but the rate of tumor formation 
paralleled that in Groups 1 and 2 following 
the treatment with the irritant. The final tu- 
mor incidence in groups 3 and 4 at lO months 
was 67 and 65% but the slope of the curve 
indicated an eventual incidence close to that 
in Groups I and 2, When three months 
elapsed between the initial treatment and the 
start of croton oil, the rate of formation of 
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verted toward normaL It is suggested that 
the genesis of the neoplastic cell was com- 
pleted during the initial treatment, and sucli 
cells remained dormant or divided at a de- 


creased rate until further stimulated. The 
non-specific irritant, croton oil, exerts its ef- 
fect during the critical period of carcinogene- 
sis. 
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Antigenic Relationship of Sahnonelloe to Inaba Strains of Vibrio comwo 

Isolated in Egypt. 

Oscar Felsenfeld. 

From the Fiektoen In&tiiute for Medical ’Research of ihe Cook County Hospital, Chicago, III. 


for routine Sahnonella grouping {t 3 ^mg) by 
methods described by Edwards were 

employed. Procedures recommended by 
Ranta and Dolman® were used for the pro- 
duction of F. comma sera. Agglutin- 

ation and absorption tests were carried out 
according to the standard methods employed 
for Satmonella grouping (typing).^* *® 

Live, alcohol-treated (“O”) and formol- 
ized antigens prepared from the chol- 

era vibrios were tested against 25 “0”, 2 ^^Vi” 
and 39 Salmonella sera. Agglutination of 
the vibrios occurred with dilutions of these 

TABLE 1. 

Results of Agglutmation Tests TJsitig Salmonella hredcney Serum. 

Serum absorbed with * ‘ 0 * ^ antigen from 

Agglutination f — ^ — ^ 

(after absorption) S. hredcney S. paratyphi S,iniUonim Worthington V, comma 

witii ^ ‘ O * ’ antigen I, IV. XXYII, A IX, XII I, III, XXIII , . 

from None Xll 1, 11, XII a y 

S, hredcjiey 

I, IV, XXVII, XII 16* 

S. par«fi/p?ii A 

r, II, XII 8 

S, piiUorinn 

IX, xir 6 

S. icorthinqtnn 

I, III, XXIII 5 

r. fonimo 2 

F. comma* *4” 4 

r. comma** 8^’ 2 

* All agglutination titers to be multiplied by 100. 

1 Felsenfeld, O., and Young, V. M., A.A.A.S. 

Annual Meeting, 194G. 

^Gohar, M. A., and Hakkari, M,, Trop. 2Xed. 
and Jlyg.y 1948, 51, Do. 

* Tliese strains were received through the cour- 
tesy of Dr. Harry Seneca of Columbia University. 

ti Echvards, P. R., and Bruner, D, W., Keniuciy 


Agri. Exp, Sta, Bull,, 1942, 54. 

4 Felsenfeld, 0., Am, J, Clin, Bath,, 1945, 15, 
584. 

s Edwards, P. R., and Bruner, B, W., J. Bact,, 
1946, 52, 493. 

cRanta, L. F,, and Dolman, C, E., Cau'^^. >. 
Buhl Health, 1943, 54, 20, 



The sera of patients infected with Salmon- 
ellae frequently agglutinate cholera vibrios.^ 
Gohar and Makkawi,^ studying Vibrio com- 
ma strains from the recent outbreak in Egypt, 
found that these organisms were agglutinated 
by Salmonella enteriiidis sera. It seemed of 
interest, therefore, to investigate which anti- 
genic factors are common to Sahnonellae and 
cholera vibrios. 

Three strains of V, comma of the Inaba type, 
isolated from the recent cholera epidemic in 
Egypt, were used in these experiments.* Sal- 
monella “0"’, “Vi” and “H” sera prepared 
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three processes may occur in the same general 
area at one time. The fate of small masses 
of neoplastic tissue depends on the balance 
between their proliferative capacit}^ and the 
amount of stimulation or of resistance pres- 
ent in the neighboring tissues. The sum of 
all these factors determines the rate at 
which the cells proliferate.^^'^- If the pro- 
liferation of the neoplastic cells continues until 
they attain a size sufficient to establish an 
independent blood supply, they then become 
Jess dependent on local environmental condi- 
tions and enter the third phase — that of 
Progression.^ 

The postulation of a critical period ap- 
pears essential for the explanation of the 
results presented in this paper. In the first 
place, a period of reversibility is indicated 
because of the decreased incidence of tumors 
following a long interval between the first 
and final carcinogenic treatments. Such re- 
sults may he explained on the basis of the 
number of cells surviving during the quiescent 
period. If the rest period is prolonged, some 
of the neoplastic cells die so that the number 
able to respond to the second treatment ndth 
irritant or carcinogen diminishes as the period 
of rest increases. Actually, if the rest period 
is very long, the latent tumor cells may dis- 
appear entirely or be reduced to such a level 
that no visible tumors could develop in the 
normal life of the mouse even though the 
proper stimulus is eventually applied. Fur- 
thermore, the evidence indicates that non- 
specific irritants are effective only during an 
interval that corresponds to the critical period 
described in the preceding paragraph. The 
irritant cannot convert normal cells into 
malignant ones’^ and since it also is without 
effect on the growth of visible tumors, it can 
be assumed that the action is exerted during 
an intermediate period. The conversion of 
normal cells into malignant ones is brought 
about solely by the specific carcinogenic 
agents,^ an inference that is borne out by the 

liBluin, H. F., Cancer Inst., 1943, 3, 

569. 

12 Blum, H. F., J. Cnncer Ins^, 1944, 4, 

559 . 


rapidity by which tumors are evoked follow- 
ing the treatment by croton oil. Evidence 
from other sources also favors this con- 

Cept.2.5, 11.12 

Indications for a critical period in this in- 
vestigation are in contrast to those of Beren- 
blum and Shubik^ who find that the initial 
changes are irreversible. They used only one 
application of 9:10 dimethyl-1: 2 -benzanthra- 
cene and reported only the appearance of 
warts, whereas we used multiple treatments 
with methyl chol an threne or ultraviolet irra- 
diation and include only the malignant neo- 
plasms in the data of this paper. Since be- 
nign tumors proliferate more slowly it is 
possible that their life span is longer. To 
test this point the experiment of Berenbluni 
and Shubik should be repeated allowing a 
greater period of rest before the irritant is 
applied. 

Summary. The influence of interrupted 
carcinogenic treatment on tumor formation 
was tested. Rest periods of from one to 3 
months were interspersed between 2 periods 
during which the carcinogens were applied to 
mice at minimal carcinogenic levels. The in- 
vestigation w’as divided into two parts on the 
basis of the carcinogens empIo3^ed. In one, 
ultraviolet irradiation was used for both the 
first and second periods. In the other, methyl- 
cholanthrene was employed to initiate the 
process and croton oil, a non-carcinogenic 
substance, was used to evoke the neoplasms. 
The results with both technics were essentially 
the same. 

A lag in tumor appearance was observed 
during the rest periods, and the second period 
of treatment quickly brought forth tumors in 
the precarcinogenic areas. Essentiall}^ no 
difference in the rate of tumor formation or 
in the final tumor incidence was observed 
when the rest period was of one month dura- 
tion. the rest period was increased to 3 

months, the final tumor incidence was reduced 
b}^ 34% in the mice irradiated and by 42% 
in those in the methylcholanthrene-croton oil 
series. The results indicate that the initial 
application of the carcinogen produced altera- 
tions in the tissues which were maintained for 
at least one month, thereafter the changes re- 
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Effect of Rutin on Dicoumarolism.'^ 
William G. Clark. 

From the Scripps Meiaholio Clinic, La Jolla, Calif. 


As far as the writer is aware, no drug has 
been described which exerts a specific antag- 
onistic action on the hemorrhagic symptoms 
of dicoumarolism. 

Dicoumarol has been shown to increase 
bleeding time and this is not correlated with 
increased prothrombin time..^’- Capillary frag- 
ility, moreover, is not altered in patients with 
hemorrhagic symptoms after excessive dicou- 
marol.-’^ Dicoumarolism also causes marked 
dilation of capillaries, small arteries and 
veins.^’^ Other toxic vascular changes include 
marked swelling and vacuolization of endo- 
thelium, with areas of endothelium prolifera- 
tion, degeneration of vascular smooth muscle, 
perivascular serous exudation and diapedesis 
of blood cell elements and even necrosis and 
rupture of the entire vessel wall. 

Flavonoid derivatives (“vitamin P”-like sub- 
stances) have been shown to decrease bleeding 
time,^*'^ capillary permeability and fragility. 
Rutin is a well-known flavonoid described as 
having anti-capillary fragility action by Se- 
vin,^ later by Griffith, Couch and Lindauer® 
and since then by many others. Widespread 

* Supported Ly a grant from the United States 
PuLlic Healtli Service. 

1 Lalieh, J. J., Lalich, M. H., and Copley, A. L., 
S^irgcry, 1943, 13, 310. 

2 Wright, I. S., and Prandoni, A., J. Am. Med. 
Assn., 1942, 120, 1015. 

it Prandoni, A., and Wriglit, I., Bull. N. Y. 
Acad. Med., 1942, 18, 433. 

4 Bingham, J. B., Meyer, 0. O., and Pohle, P. J,, 
.Iw. J. Med. Sci., 1941, 202, 593. 

c McCarter, J. C., Bingham, J. B., and Meyer, 
0. O., Av\. J. Path., 1944, 20, 651. 

Parrot, J., and Galmichc, V., Compt. rend. Soc. 
hioL, 1945, 130, 948. 

'* Ungar, G., Endocrinol., 1945, 37, 329. 

8 Sevin, A., Compt. rend. Acad, sci., 1943, 216, 
505. 

^Griffith, J, G., Jr., Couch, J. P., and Lindauer, 
M. A., PROc. Soc. Exr. Biol, and Med., 1944, 55, 
228. 


clinical application of rutin has resulted, with 
conflicting reports. An extensive literature 
exists^^ on the purported anti-hemorrhagic 
properties of flavonoids and related substances 
in diverse pathologic states, both experimen- 
tal and clinical. The mechanism of such 
action, if true, is not clear, but may be re- 
lated to either reduction in the size of the 
capillary bed,^^ or to an antihyaluronidase 
action,^-^^^ 

Prandoni and Wright-*^ noted no effect of 
“vitamin P” in the form of grated orange 
peels orally administered to patients suffering 
hemorrhagic symptons from dicoumarol thera- 
py. The quantity of flavonoids adminis- 
tered by this method is small and the nature 
of the flavonoids contained in orange peel is 
largely unknown other than hesperidin and 
eriodictyol. 

Naghski, Copley and Couch^® reported that 
the flavonol glycosides, rutin and quercitrin, 
and quercetin (aglucone of rutin) exert 
an antagonistic effect against the bacteri- 
ostatic effect of dicoumarol and therefore sug- 
gested the possibility of using rutin or similar 
flavonols to antagonize the hemorrhagic ac- 
tion of dicoumarol in vivo. 

The present note presents evidence which 
indicates that rutin has no protective action 
against dicoumarolism in rats. 

Experimental. Male albino rats (Slonaker 

10 Anon., ‘^Bibliography of Vitamin P^^ (256 
refs.), K lit r it ion Bescarch, 1945, 5, Ko. 1 and 2, 
and supplements thereof. 

11 Fuhrman, P. A., and Crismon, J. M., J. Clin. 
Invest., 1948, 27, 364^ 

i^Beiler, J, M., and Martin, G. J., J. Biol. 
Chem., 1947, 171, 507. 

13 ihid,, 1948, 31, 174. 

14 Celia, C. J., Jr., and Means, J. A., Marquette 
Med. Bcv., 1948, 13, 67. 

13 Clark, William G., Unpublished data. 

1C Naghski, J„ Copley, M. J., and Couch, J. P., 
Science, 1947, 105, l25. 
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Relationship op SahnoncUac and Vibrw 


TABLE IL 

“Results of AggluHnnHofl Tests Usiag Soh}}oneUa Colifornia Serum. 


Agglutination 
(after absorption) 
^vitli antigen 

from 


Serum absorbed with 


antigen from 




None 

S, California 
t ' 

S. oranienburg S. essen 
m, t g, m 

S. senftenberg 
g>s, t 

r. 

cowinia 

f — ^ 

< < ]j. > J t < ^ > j 1 1 g > ; 

S. California, g,ni,t 

120* 

0 . 

20 

D 

20 

SO 

SO 

SO 

S, oranienbnrg, m,t, 

GO 

0 

0 

5 

10 

00 

00 

00 

S, essen, g,m 

40 

0 

20 

0 

0 

20 

25 

20 

S. senftenberg, g,s,t 

30 

0 

10 

5 

0 

10 

12 

10 

F. comma 

6 

0 

5 

0 

0 

0 

0 

0 

F, comma ^^4^' 

4 

0 

4 

0 

0 

0 

0 

0 

F. comma '^8 

G 

0 

C 

0 

0 

0 

0 

0 


* AJl ? 2 ggJutination titers to l)e muitipiied bjr 100. 


TABLE III. 

Average of Results of Agglutinati on Tests Using Vibrio coming *^011^^ Sera. 

Serum absorbed W'itb antigen from 


Agglutination 
(after absorption) 
\vitb antigen from 


z> 

I 


ri j. 



. }-i 

Dn 




V. comvia 
F. cownta ^'4'^ 

F. comma ^^8’^ 

S. hrcdencij 1, TV, XXYII, XII 

S. puUortnn IX, XII 

S. tvorthington I, III, XXIII 

B, California g,m,fc 

S, oranienbiirff nJ,t 

S, cssen g,m 

S, senftenberg g,s,t 


14* S 

12 * S 

12 S 

2 0 

2 0 

2 0 

4 4 

0 * 0 
4 4 

4 4 


10 10 

9 9 

9 9 

1 1 

0 2 

2 0 

4 4 

0 0 

4 4 

4 4 


S 14 

8 12 

r 12 


2 2 

0 4 

0 0 

0 4 

0 4 


After absorption ^vitli F. comma antigens, all agglutination tests were negative. 
* All agglutination titers to be multiplied by 100. 



9 

S 

7 

o 

o 


0 

0 

0 

0 



sera as high as 5 to 25% of their titer against 
the homologous Salmonella when the serum 
contained agglutinins for the Salvioiiclla anti- 
genic factors I, XII or g. Subsequent absorp- 
tion tests, as represented in Tables I and ^11 
confirnaed that parts of Salmonella I, XII 
and g antigens were present in the V, comma 
strains. 


Sera prepared against the F. comma strains 
agglutinated Sahnonellac which contained the 
antigenic factors I, XII and g. Results of the 
absorption tests are given in Table III. 

Summary, Three Inaba strains of F. com- 
ma isolated recently in lEjgypi harbored frac- 
tions of Salmonella I, XII and g antigens. 
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La\vkence KiLHAii, (Introduced by J. F. Enders.) 

From the Department of Fpidemiologyj Harvard School of Fuhlxc Health, Boston, 


The isolation of mumps virus from the 
blood of a patient is not known to have been 
reported. One case is described, the methods 
of isolation and identification being essentially 
those employed by others for saliva^ and for 
spinal fluid.- 

Case History, a boy aged 3 years, 

9 months, \vas admitted to the Children’s Hos- 
pital of Boston* May 9, 1948, for treatment 
of cellulitis of the left chest w^all incident to 
a fall. He appeared acutely ill. The tempera- 
ture was 103 an area over the left chest 
wall w'as tender and red, and a scarlitiniform 
rash, thought to be a drug eruption, covered 
the entire body. Sulfadiazine and penicillin 
had been administered. Three days later, 
]\Iay 12, the left parotid w^as firm, swollen and 
tender. A clinical diagnosis of mumps 'was 
made, the temperature at that time being 
101 ""F, pulse 120, and respirations 25. The 
total leucocyte count on May 11, ■was 13,800, 
with 92% granulocytes and 8% lymphocytes; 
on May 13, it was 10,400, 'with 52% granu- 
locytes, 38% lymphocytes, and 10% mono- 
cytes. Spinal fluid taken May 12 had a trace 
of globulin, sugar content within normal lim- 
its, and no 'white blood cells. A tuberculin test 
was positive in 1:1000 dilution of O.T. A 
marked right parotid swelling appeared on 
May 16. Xo signs or symptoms of meningo- 
encephalitis were noted. Recovery w^as rapid 
and the patient returned home May 22. 

Isolation oj Minnps Vtnis. Specimens ex- 
amined for mumps virus were introduced into 
the amniotic sac of 7-day-old embryonated 
eggs and amniotic membranes and fluids har- 

1 Lcymaster, G. R., and Ward, T. G., Pp.oc. Roc. 
Exp. Biol, axd Med., 1D47, 05, 340. 

-Hcnlc, G., and AtcDougall, C. L., Pkoc, Soc. 
Exp. Biol, and Med., 1D47, 00, 209. 

* Acknowledgment is made of tlic kind co* 
operation and assistance of the hospital staff; also 
to the Haynes Memorial Hospital for other 
materials. 


vested separately after 6 days incubation at 
35 ®C. Fluid from each egg was examined for 
virus by macroscopic hemagglutination of 
hen erythroc 3 ^tes. Cultures in thioglycollate 
broth of pooled amniotic fluids from each egg 
passage showed no bacterial contaminants. 
The amniotic membranes of egg passages giv- 
ing no hemagglutination were ground with 
alundum, pooled with their fluids and passed 
in 0.2 cc amounts intra-amniotically. Only 
positive fluids were pooled and passed 'when 
hemagglutination appeared in subsequent pas- 
sages. Positive amniotic fluids had a bluish 
opalescence, those showing no hemagglutina- 
tion 'v\'ere usually clear. 

Blood w^as drawm from patient B.M. 
on May 12, the day parotitis \vas first ob- 
served and 5 cc treated with sodium citrate 
to give a final concentration of 0.5%. Be- 
xause whole citrated blood had resulted in a 
high mortality in previous egg inoculations, 
the plasma w^as separated from the red blood 
cells after natural sedimentation, and the two 
fractions stored in carbon dioxide ice. Two 
■n^eeks later 12 eggs 'v\^ere inoculated intraam- 
nioticallj'' wdth 0.1 cc of the plasma, and 5 sur- 
vived for har\'’esting. The red blood cell frac- 
tion was diluted 1:2 in infusion broth, and the 
mixture in 0.2 cc amounts inoculated into 12 
eggs int^a-amn^oticalh^ Onlv’’ 3 embr\’os sur- 
vived. Since the amount of harvested ma- 
terial was small, it was added to the amniotic 
membrane and fluid pool of the plasma pas- 
sage. In the third egg passage, virus was 
detected in 4 of 8 amniotic fluids, and in 
almost all eggs of 2 subsequent passages. 

The cerebro-spinal fluid of 12, inocu- 
lated into eggs in 0.2 cc amounts, yielded no 
virus in 3 passages; a not unexpected result 
since the patient had no symptoms suggesting 
meningo-encephalitis and the spinal fluid con- 
tained no leucocytes. Isolation of virus from 
the saliva was not attempted because of the 
age and lack of cooperation of the patient. 



98 


Rutin (“Vitamin P”) and Dicoumarolism 


strain) were divided into 2 groups of 10 each, 
averaging 137 g body weight and 2 months of 
age. Both groups were fed Purina Laboratory 
Chow mash in which was incorporated 0.04% 
dicoumarol.t One group received this diet 
alone and the other received the same diet 
containing 2% rutin^ in addition to the dicou- 
maroL From the average daily food intake 
it was estimated that each rat ingested about 
0.3 mg dicoumarol daily, and the rutin-fed 
animals ingested about 150 mg rutin daily. 
Later, as the animals became poisoned, less 
food was consumed. Records were kept of 
the hemorrhagic symptoms, body weight loss 
and survival. 

The experiment was terminated after 30 
days, at which time there were no survivors 
in the group fed dicoumarol alone, with an 
average survival time of IS days (range 7 to 
19); and 10% surviving in the group fed 
rutin + dicoumarol, with an average survival 
time of 13 days (range 5 to 21), of the rats 
which died. 

In a second experiment of 10 rats per 
group, average body weight 120 g, the dietary 
dicoumarol was adjusted to 0.02% instead 
of 0.04% as in the hrst experiment, and the 
rutin, as before, remained at 2%. The experi- 
ment was terminated after 45 days, at which 
time 90% of the controls survived (the one 
death occurred in 45 days), and 60% of the 
rutin-fed animals survived (the 4 deaths oc- 

t Kindly supplied by E. R. Squibb & Soils, New 
York. 

t'Kindly supplied by the S. B. Penick Co., New 
York. 


curred in 7, 22, 41 and 44 days). 

In a third e.xperiment of 10 rats each, 
average body weight 140 g, the animals were 
fed Purina Chow and the dicoumarol ± rutin 
were stomach-tubed dail}^ as aqueous suspen- 
sions in doses of S mg dicoumarol ± 50 mg 
rutin. After a week, the dose of dicoumarol 
was increased to 10 mg, since 5 mg seemed 
insufficient to evoke hemorrhagic symptoms. 
The experiment was terminated in 35 days, at 
which time 30% of the controls were surviv- 
ing, with an average survival time of 26 days 
for the rats ^vhich died; and 20% of the 
rutin-fed animals were sur^4ving, ivith an 
average survival time of IS days for the rats 
which died. 

There were no group differences in onset or 
severity of hemorrhagic symptoms in the 3 
experiments. 

CojichtsiofJs. Under the experimental con- 
ditions employed, rutin does not antagonize 
dicoumarolism in rats. Presumably the defect 
in the vessel walls or their supporting struc- 
tures which leads to hemorrhage in dicoiimar- 
olism differs from that leading to the various 
hemorrhagic conditions which rutin and relat- 
ed “vitamin P’Mike substances purported!}^ 
benefit. These facts, however, need not 
necessarily preclude the simultaneous use of 
dicoumarol and “vitamin P^’ for their separate 
effects, as illustrated by the report of l^Iac- 
Lean and BrabeP'^ on the favorable effects of 
rutin and dicoumarol in various retinal vascu- 
lar disorders. 

17 MacLean, A. L., and Brambel, C. E., Trans. 
Am. Ophth. Soc.j 194C, 44, 194, 
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Isolation of Mumps Virus from the Blood of a Patient. 

La^vrence Kieham. (Introduced by J. F. Enders.) 

From the Bepariment of Epidemiology , Sarvard School of Public EeaWi, Boston, 


The isolation of mumps virus from the 
blood of a patient is not known to have been 
reported. One case is described, the methods 
of isolation and identification being essentially 
those employed by others for saliva^ and for 
spinal fluid.- 

Case History, B.M., a boy aged 3 years, 
9 months, was admitted to the Children's Hos- 
pital of Boston* May 9, 1948, for treatment 
of cellulitis of the left chest wall incident to 
a fall. He appeared acutely ill. The tempera- 
ture was 103 °F, an area over the left chest 
wall w^as tender and red, and a scarlitiniform 
rash, thought to be a drug eruption, covered 
the entire body. Sulfadiazine and penicillin 
had been administered. Three days later, 
May 12, the left parotid was firm, swollen and 
tender. A clinical diagnosis of mumps was 
made, the temperature at that time being 
pulse 120, and respirations 25. The 
total leucocyte count on May 11, w^as 13,800, 
wdth 92% granulocytes and 8% lymphocytes; 
on May 13, it was 10,400, with 52% granu- 
locytes, 38% lymphocytes, and 10% mono- 
cytes. Spinal fluid taken May 12 had a trace 
of globulin, sugar content within normal lim- 
its, and no white blood cells. A tuberculin test 
was positive in 1:1000 dilution of O.T. A 
marked right parotid sw^'clling appeared on 
May 16. No signs or symptoms of meningo- 
encephalitis were noted. Recovery w^as rapid 
and the patient returned home May 22. 

Isolation of Ahtjups Virus, Specimens ex- 
amined for mumps virus were introduced into 
the amniotic sac of 7-day-old embryonated 
eggs and amniotic membranes and fluids har- 

I Lcymastcr, G. and ^Ya^d, T. G,, Proc. J$oc. 
Exr. Biol, axd Mkd., 1947, 05, 34G. 

sHcnle, G., and McDougaB, C. L., Proc. Soc. 
Exp. Biol, and Med., 1047, CC, 209. 

* Acknowledgment is mode of the kind eo* 
operation and assistance of the hospital staff; also 
to the Haynes Memorial Ilospitnl for other 
materials. 


vested separately after 6 days incubation at 
3S®C. Fluid from each egg ivas examined for 
virus by macroscopic hemagglutination of 
hen er^’throcytes. Cultures in thioglycollate 
broth of pooled amniotic fluids from each egg 
passage showxd no bacterial contaminants. 
The amniotic membranes of egg passages giv- 
ing no hemagglutination were ground with 
alundum, pooled with their fluids and passed 
in 0.2 CC amounts intra-amniotically. Only 
positive fluids were pooled and passed when 
hemagglutination appeared in subsequent pas- 
sages. Positive amniotic fluids had a bluish 
opalescence, those showing no hemagglutina- 
tion w^ere usually clear. 

Blood was drawm from patient B.M. 
on May 12, the day parotitis was first ob- 
served and 5 cc treated with sodium citrate 
to give a final concentration of 0.5%. Be- 
cause whole cit rated blood had resulted in a 
high mortality in previous egg inoculations, 
the plasma w^as separated from the red blood 
cells after natural sedimentation, and the tw^o 
fractions stored in carbon dioxide ice. Tw’o 
w^eeks later 12 eggs w^ere inoculated intraam- 
niotically with 0.1 cc of the plasma, and 5 sur- 
vived for harvesting. The red blood cell frac- 
tion w^as diluted 1:2 in infusion broth, and the 
mixture in 0.2 cc amounts inoculated into 12 
eggs intra-amniotically. Only 3 embryos sur- 
vived. Since the amount of harvested ma- 
terial w^as small, it w'as added to the amniotic 
membrane and fluid pool of the plasma pas- 
sage. In the third egg passage, virus w’as 
detected in 4 of 8 amniotic fluids, and in 
almost all eggs of 2 subsequent passages. 

The cerebro-spinal fluid of May 12, inocu- 
lated into eggs in 0.2 cc amounts, yielded no 
virus in 3 passages: a not unexpected result 
since the patient had no symptoms suggesting 
mcningo-encephalitis and the spinal fluid con- 
tained no leucocytes. Isolation of virus from 
the saliva was not attempted because of the 
age and lack of cooperation of the patient. 
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Isolation Mumps Virus from Blood 


Attempts to isolate mumps virus from the 
blood of 7 other patients in the first S days 
of the disease were unsuccessful, all but one 
of the specimens being drawn after the first 
day of illness. Whole defibrinated blood is 
less lethal to chick embryo than citrated 
blood. 

Serologic Studies and Identification of Vir- 
us, The inhibition of hemagglutination and 
the complement fixation tests used in identifi- 
cation of mumps virus have been well-de- 
scribed by others.^ Paired serums from a pa- 
tient, taken in the acute and convalescent 
phases of mumps and known to demonstrate 
an increasing titer of inhibiting antibodies, 
were kindly furnished by Dr. J. F. Enders. 
Strain B.M. mumps virus, freshly isolated 
from the blood and used as an antigen ^Yith 
the standard acute serum gave inhibition of 
hemagglutination in a titer of 1:16; with 
the convalescent serum in a titer of 1:256, a 
16-fold' rise, titers being expressed in terms of 
initial dilution. The clinical diagnosis of 
mumps for patient B. M. Tvas confirmed by 
a similar test, using the Enders strain of 
mumps virus as antigen against paired serums^ 
of the patient.t Serum of May 12 had a titer 
of 1:32 and that of May 22, 1:256, an 8-fold 
rise in titer. 

Identification of the virus as that of mumps 
was further substantiated by test for fixation 
of complement with pooled amniotic fluids of 
the sixth egg passage as antigen. Paired sera 
from a patient with mumps, and with demon- 
strated increasing complement fixing anti- 
bodies {Diagnostic Laboratory, Massachu- 

3Diag. Procedures for Virus nnd Rickettsial 
Diseases. Am. Pub. Health Assn., 1948, p. 139. 

t Test was kindly performed by the Eesearch 
Division of Infectious Diseases, Children's Hospi- 
tal, Boston. 


setts Department of Public Health) were 
used as a standard. The acute phase serum 
had a titer of 1:16 and the convalescent serum 
1:256. 

A complement fixation test of serums from 
patient B. jM., using the Enders strain of 
mumps virus as antigen, gave a titer of 1:32 
with acute phase serum and a four-fold rise 
to 1:128 with convalescent serum. 

Isolations jro?n Spi72al Fluid, Successful iso- 
lation of mumps \drus has been accomplished 
in 5 or 7 cases of meningo-encephalitis, all of 
which demonstrated a rise in complement fix- 
ing antibodies during convalescence, where 
spinal fluids were examined within 5 days of 
onset. An 8- fold or greater rise of titer in 
the inhibition of hemagglutination test was 
used in identification of the viruses isolated. 

Discussion, A virus was isolated from the 
blood of a patient on the first da}^ of a paro- 
tid swelling conforming to that of mumps. 
The clinical diagnosis was confirmed by a 
significant rise in titer of mumps complement- 
fixing and inhibition of hemagglutination 
antibodies in the course of convalescence. 
Two methods, inhibition of hemagglutination 
and complement fixation, identified the virus 
as that of mumps. 

That mumps virus invades the blood stream 
is not surprising, in view of the considerable 
amount of virus appparentl}'' present in an 
infected parotid gland. The regularity of such 
invasion and its significance in the pathogene- 
sis of the disease, a'waits the result of studies 
how in progress. 

Suniinary, The virus of mumps ivas iso- 
lated from the blood of a patient with bilateral 
parotid swelling through culture in embryo- 
nated eggs. Inhibition of hemagglutination 
and complement fixation tests confirmed the 
clinical diagnosis and identified the agent as 
the mumps virus. 
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Relative Lack of Myelin in Optic Tracts as Result of Underfeeding in 

the Young Albino Rat.’^ 

A. R. Buchanan and J. E, Roberts. 

Prom the Depariment of Univcrsifi/ of C<^lorado ifeflicoT Center, Denver. 


The underfeeding experiments reported 
herein were originally started, and are still be- 
ing carried on, to determine the effects of 
inanition on the ability to regulate bod}’^- 
tempsrature. We have previously presented 
experimental evidence indicating that normal 
myelination of hypothalamic fibers of ^mung 
rats may have an important bearing upon the 
attainment of regulatory ability.^ The mye- 
lin lack in the optic tracts of underfed animals 
has been an incidental finding, but one which 
may have considerable practical importance. 

Donaldson- studied the effects of under- 
feeding on myelination in the central ner\^ous 
system of the albino rat. His rats were 30 
days old at the beginning of the experiment 
and 51 days old when sacrificed. The average 
percentage difference in bod}' weight, at the 
end of the experiment, between his control 
and underfed animals was 41.2, and the 
average percentage difference in brain weight 
was 7.7. Weigert-stained sections did not show 
grossly observable differences between the 
myelin content of the brains from the control 
and those from underfed rats. Donaldson 
concluded from these studies that underfeed- 
ing does not arrest myelination. 

Methods and Materials. Six litters of 
Wistar strain albino rats have been used in 
the present investigation. On the 17th to 
20th day of life, 3 rats from each litter were 
weaned, and placed in individual cages, where 
each was maintained on a diet of 5 g of 
Purina laboratoiy^ chow per day. The con- 
trol animals were left with their mothers 
until they had reached 26 days of age, when 

•Supported by a grant from tlie Office of 
Naval Besearcb. 

1 Buchanan, A. R., and Hill, R, M., Pp.oc. Soc. 
Exr. Biol, and Med., 19*17, CO, C02. 

2 Donaldson, H. H., J. Comp. Aoaro?,, 1911, 21. 
139. 


thev were weaned and then maintained on 
Purina laborator}'' chow ad libitum. The 
underfed animals and their litter-mate con- 
trols were sacrificed on the 50th to the 52 nd 
da\^ of life. 

WTien sacrificed, the experimental and con- 
trol animals were perfused with Regaud's so- 
lution (33/2% potassium dichromate — 80 
parts; neutral formalin — 20 parts). Fol- 
lowing perfusion, the brains were removed, 
weighed, and placed in 5% potassium dichro- 
mate. They were left in this solution for 10 
days at 3 8-40° C; the solution was renewed on 
the 2nd, 5th and 8th days. When all the 
brains from a given litter had been embedded 
in paraffin, they were sectioned at 20 micra 
and mounted on slides. Representative slides 
from all the animals in the litter were placed 
together in a staining rack and stained en 
masse according to the method reported b\' 
Ulett, Dow and LarselL^ 

The concentration of myelin in the optic 
tract was determined on the basis of mono- 
chromatic light absorption by stained sections 
as previously described.^ After focusing upon 
the optic tract the slide was moved to an 
adjacent area which was free of sections and, 
without altering this focal adjustment, the 
amount of light entering the microscope was 
adjusted by means of a rheostat and the iris 
diaphragm at the inlet of the monochromater 
to give a reading of 80.0 on the galvanometer 
of the electrophotometer. The light was 
adjusted to this same “zero’^ reading in rela- 
. tion to each of the determinations in a given 
series, and this compensated for differences 
in thickness of slides, cover slips, and mount- 
ing media. IWien the light had been so ad- 
justed, the optic tract was moved back into 
the field and the galvanometer reading record- 

3 Ulett, G., Dow, R. S., and Larsell, 0., iTcomp. 
XcuroJ., 1944, 80, 1. 
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1 

. ^ 4. 4. 1 -p ^ ^PvTi * B Optlc tmct froDi rat l-F-4 (control) ; C. Optic 

A. Optic tract from rat 1- ^ ’^erVe ^rom rat 2-0-C (control). The optic tracts 

'vm^stSd for^myclin by meHmtl of Ulctt et ah, and the optic nerves iverc .stained by 

the method of Weii. 


d. The difference between this reading and 
he zero reading represented the amount of. 
ight absorbed by a given section. This pro- 
■edure was carried out on 6 sections from a 
riven animal. One hundred times optical 
iensitv was computed for each reading 
neasure of relative myelin concentration /rae 

jptical density here used was the log ^ 
-atio of incident (galvanometer reading of 
50 0) to ensuing light intensity in accordance 


witli the Beer-Lambert law of absorption. 

Results, A relative lack of mj'elin in the 
optic tracts of underfed rats, as compared to 
that present in those of litter-mate controls, 
appeared in the majority of cases. In many 
instances the difference was of sufficient 
magnitude to be apparent without the use of 
the electrophotometer. This is demonstrat- 
ed by the photomicrographs presented in Tig. 
1, in which the optic tracts from Rat 3 (ex- 
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TABLE I. 

Summary and Statistical Evaluation of Besults. 


Litter 

Myelin 

(experimental) 

Myelin 

(control) 

% 

difference 

Significance 

% difference 
body wt 

% difference 
brain wt 

Q 

35.6 

37.6 

35.9 

43.3 

8.0 

P = 1 

28,6 

13.5 


41.0 

45.0 


(approx.) 



s 

29.9 

38.2 

41.7 

43.6 

12.G 

P = 1 

64.9 

22.0 


28.6 

25.4 


(approx.) 



Y 

• 42.6 

35.1 

50.2 

55.2 

19,8 

P — 0.05 

70.7 

21.0 


45.3 

47.9 





1-E 

G0.6 

63.8 




14.9 


32.4 

55,9 

27.7 

P = 0.15 

57.6 


37.4 

60.4 


(approx.) 



2-K 

39.8 

46.4 






31.3 

40.5 

15.9 

P = 0.16 

60.7 

17.5 


33.3 

37.2 


(approx.) 



2-0 

29.2 

52.2 




13.5 

36.7 

43.6 

34.5 

0.05 > P > .01 

48.3 


27.0 

46.2 





Means 

(36.8) 

(46.4) 

19.8 

P < 0.01 

55.1 

17.1 


perimental) and Rat 4 (control) of litter 1-F 
are illustrated (A and B) together with the 
optic nerves from Rat 3 (experimental) and 
Rat 6 (control) of litter 2-0 (C and D). 
The optic nerves were not studied routinely 
since, in those cases in which they were, those 
from underfed rats showed the same relative 
lack of myelin as was apparent in the tracts 
of the same animals. 

Gross examination of the optic foramina 
of the underfed animals has failed to show 
any evidence that the amyelination observed 
in their optic nerves and tracts is due to 
stenosis of the foramina such as has been 
described by Moore"* in carotene-deficient 
calves. 

. Statistical analytical methods have been 
applied to our data by one of us ( J.E.R.) and 
have served to show that the spectrophoto- 
metric method is reliable and that the results 
have statistical significance. 

The average values of 6 determinations of 
relative myelin concentration (100 x optical 
density) for each underfed and control ani- 
mal w^ithin the respective litters are shown 

4 Moore, Lane A., J. Nxttritxon, 1939, 17, 

(Supp.), 10. 


in Table I. The percentage differences given 
in the table are based upon differences of 
means between underfed and control rats, 
relative to the mean of the controls. The 
succeeding column gives the approximate sig- 
nificance of this difference for each litter based 
upon analysis of Variance within the re- 
spective litters. The last 2 columns give 
average per cent decrease in brain weight and 
body weight for each litter to indicate rela- 
tive magnitude of inanition. 

An analysis of variance was applied to the 
data of each litter to determine the sources 
of variation (1) between the myelin concen- 
trations of underfed and control animals, 
(2) among the original determinations of 
myelin concentration, and (3) among the 
myelin concentrations of underfed and starv^ed 
animals of each litter. The experimental 
errors (differences in section thickness, stain- 
ing, spectrophotometric readings, etc.) were 
negligible when compared with the two other 
sources of variation in the experiment, since 
mean squares ranged from 2 to 7 in all litters 
except 2-K, where the value was 21. There 
vras, in general, considerable variation between 
myelin concentrations among animals within 
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the control and experimental groups of each 
litter; mean squares ranged from 92 to 193 
in all litters except l-F, where the value 
was 725. 

Comparison of the variance between under- 
fed and control groups, where mean squares 
ranged from 98 to 2475, with the variance 
among animals within the groups becomes 
the critical factor of the anatysis within litters. 
The F-test gave indications of significance as 
shown in the table. By this test the differences 
in myelin concentration could have occurred 
by chance within litters Q and S due to large 
variance among animals of experimental and 
control groups, are of moderate degree of 
significance in litters 1-F and 2-K, and are 
highly significant in litters Y and 2-0. 

In determining the signifiance of under- 
feeding on optic tract m 3 ^eIination in all 6 
litters, 2 major^ sources of variation, nameh'-, 
differences in staining between litters and 
inherent differences in myelin content between 
litters, were not segregated experimentally. 
While such inherent variations between Jitters 
would be of considerable interest, it appears, 
from the standpoint of determining the effect 
of underfeeding on myelination, that the 
factor of greatest importance is the signifi- 
cance of the differences in myelin density that 
appeared in the entire group of 6 litters. An 
F-test comparing total variance between 
underfed and control animals of each litter 
with the total variance -within litters gave 
high significance to the difference in m^^elin 
(P < 0.01). Thus, for the total experiment, 
there seems lo be a significant difference of 
myelin concentration between control and 
underfed rats of the order of magnitude 
of 20%. 

Biscussion. The relative lack of myelin in 
the optic nerves and tracts of the majority of 
our underfed rats, determined photometri- 
cally, must be considered as indicative of 
partial or complete arrest of the process of 
myelination. Curves constructed from photo- 
metric determinations of myelin densities in 
the optic tracts of successively older members 
of several litters of albino rats indicate that 
myelination within the visual pathway con- 
tinues to be an active process until sometime 
between the 40th and 50th days as compared 


with its completion in the medullary pvTaniid 
and hypothalamus between the ISth and 30th 
days.^ This delay in myelination of the 
components of the visual pathway may be 
due to a lack of functional stimulation until 
after the eyes have opened (14th to 17th 
day). Tilney and Casamajor^ reported that 
they were able to correlate beginning myelina- 
tion of the optic nerves and the ey’^e-opening 
reaction in kittens. 

The accuracy^ of the results reported herein 
depends upon the assumption that the nn^elin 
concentration is directty related to optical 
density in accordance with the Beer-Lambert 
Law of Absorption. The use of monochro- 
matic light seems. to validate this assumption. 
Whereas slight deviation from the law may 
be present, the differences found for the 
entire group of 6 litters appear to be of suffi- 
cient magnitude and reliability that such 
deviation should not alter the general con- 
clusions. 

Summary and Conclusions. Quantitative 
limitation of food intake sufficient to account 
for average body-weight differences of 55% 
between underfed and litter-mate control rats, 
has also resulted in statistically significant 
differences in myelination of the optic tracts 
and nerves. The concentration of myelin in 
the optic tracts of the underfed rats has 
averaged 20% less than that in the control 
animals. Since myelination of the optic 
tracts, as shown by spectrophotometric deter- 
minations in litter-mate rats at successively 
older ages, is not complete until sometime 
between the 40th and 50th day's, the conclu- 
sion seems justified that the relative lack of 
myelin obser\'ed in the underfed animals is 
due to partial or complete arrest of the 
process of myelination. 

The authors wish to tiiauk Air. W. S. Worley, 
Supervisor of Special Projects, Profluct Applica- 
tion Departuicnt, Gates If libber Conipanv, for 
valuable suggestions and criticisms in regard to 
the statistical analysis and to 4 Uvkiton'Jc(](r(^i 
painstaking care with wliich tlic ]>hotoinicrograj»hs 
ivere prepared by Hr. Glenn AXills. 

o Tilney, F., and Casainajor, L., -Irch. .Year, a/n/ 
Psi/chiaf., 1924, 12, 1. 
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Experimental Streptomycin Therapy in Mice 
Ernest Jawetz, 

From the Division of Dacicriology, Umvvrsiiy of California Ucdical School, San Francisco, 


In contrast to the sulfonamides, penicillin 
and streptomycin do not require constant 
significant blood levels for satisfactory thera- 
peutic results. Experiments in streptococcal 
infections of mice^ have clearly indicated 
that the effect of crude penicillin on the bac- 
terial population outlasts measurable blood 
levels by many hours. Animals were cured 
of otherwise fatal infections with single large 
doses or by spacing injections of penicillin 
8-24 hours apart.-*^’-* Clinical experience in 
pneumococcaE’’^ and streptococcal* disease has 
also demonstrated the effectiveness of dosage 
regimens by which aqueous penicillin was 
injected every 8-12 hours. Experiments with 
streptomycin have given comparable results.® 

A possible objection to some of the experi- 
mental work presented in this field and its 
translation into clinical terms is the nature 
of the laboratory model often used for evalua- 
tion of chemotherapeutic effectiveness. Ani- 
mals are given overwhelming infections, usu- 
ally by “unnatural’^ routes, and then treated 
before there is clinical evidence of the dis- 
ease. The results thus present the effects of 
chemoprophylaxis rather than chemotherapy. 

* The work described here was perf ormed at 
the Division of Infectious Diseases, National In- 
stitute of Health, Betliesda, Hd. 

t The author wishes to thank Doctors M. Fin- 
land and E, K. Marshall, who read the manuscripts 
and made valuable suggestions. 
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In the course oi studies on a pneumotropic 
pasteurella of mice'-’ observations were made 
which are of some interest in regard to this 
question. 

Methods. The pneumotropic pasteurella 
used in this work has been described else- 
where.*’ The organism kills mice only if 
inoculated intracerebrally (LDr>o: ca. 10^ 
bacteria) or intranasally (LDso^ 
bacteria). After intracerebral inoculation 
neurological signs appear within 12-18 hours 
and all deaths occur in 36-72 hours with a 
brain abscess. When infected by the respira- 
tory route the mice show ci^anosis and 
dyspnea, with pulmonary consolidation in 
18-24 hours and 70-95% die in 2-6 days. 
The* pasteurella is sensitive to streptomycin. 

It is regularly completely inhibited by 2-4 y 
of streptomycin per milliliter of medium. 

The standard inoculum in these experi- 
ments consisted of 10® bacteria in 0.03 ml of 
dilutions of a 8-12-hour broth culture, injected 
intracerebrally or intranasally under light 
ether anesthesia * into 21-day-oId (10-14 g) 
white mice of the stock of the National 
Institute of Health. The animals were 
observed for 10 days and deaths recorded. 
At the end of that period the survivors were 
autopsied and lung lesions were noted. Among 
the intracerebrally infected animals there 
were no untreated survivors, and the treated 
survivors showed no lesions whatever. The 
results of these treatment experiments are 
recorded as the ratio of deaths to the total 
number of animals in the group. Among 
intianasaWy infected animals, however, not 
all untreated mice died and some of the 
treated survivors showed extensive lung 
lesions. In these groups the results are there- 
fore expressed as ratio of “infected” animals 
to the total number in the group. “Infected” 

Jawetz, E., Proc. Soc. Exp. Biol, axd Med., 
1948, 08, 4G. 
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TABLE I. 

Streptomycin Treatment of Intracerebral Pas- 
teurella Infection. 


Mce infected ndtli 100 LD50 intracerebrall}' 
given 3 subcutaneous injections of 0.1 gAg strep- 
tomycin each, at various intervals. 


Treatment time, 

]ir after infection 

Deatlis/total 

% survivors 
(cured) 

2, 6, 24 

2/12 

83.3 

2, 24, 48 

1/12 

. 91.6 

6, 10, 24 

G/12 

50.0 

0, 24, 48 

S/12 

33.3 

10, 24. 48 

12/12 

0.0 

Controls (untreated) 

24/24 

0.0 


refers to both the dead animals and those 
which survived but had gross lesions in the 
lungs. 

The streptomycin (a solution with an 
assay value of 200 mg streptomycin base/ml) 
was kindly supplied by Dr. H. Welch, Food 
and Drug Administration, Washington, D.C. 
Solutions of the required strength were pre- 
pared in physiological saline and were injected 
subcutaneously in amounts of 0.2 ml per 
dose as indicated in the various dosage 
schedules. 

Results. Table I summarizes selected re- 
sults of preliminary trials in the treatment of 
intracerebral infections by subcutaneouslj'^ ad- 
ministered streptomycin. With fixed indi- 
vidual and total dose the outstanding factor 
which determined success of therapy was the 
interval between the injection of bacteria and 
the first administration of streptomycin. It 
was immaterial whether the second dose was 
given 4 or 22 hours after the first. If the 
total dose exceeded 0.3 gAg and the first of 


3 injections was given not later than 4 hours 
after intracerebral infection at least 75% 
of the animals could be cured. For therapy 
to be successful it had to be started long 


)efore neurological S3^mptoms appeared. 

When identical treatment schedules were 
pplied to groups of mice infected intra- 
erebrally or intranasally, the milder respira- 
ory infection responded much more readily. 
Vith the first dose of antibiotic administered 
0 all mice 4 hours after infection, there was 
ittle difference between the results of various 
iosage schedules (Table II). The ED^o 
•dose resulting in 50% cure)’® for cure of 
nfection of the central nen'ous system ranged 


between 71 and 108 mgAg with the various 
regimens, and it was approximately half of 
those values for the pulmonary disease. These 
results considered by themselves might indi- 
cate similar' response' of the “artificiar’ (intra- 
cerebral) and “natural’’ (respiratory) infec- 
tion to streptomycin treatment. It must be 
considered, however, that treatment 4 hours 
after infection is relatively earW for the latter 
and late for the former. 

Good evidence, relating the time elapsed 
before treatment was started to the thera- 
peutic results, was obtained in the compara- 
tive tests illustrated in Table III. If treat- 
ment was started 4 hours after infection, when 
neither s\^mptoms nor lesions were present, a 
number of schedules of therapy were satis- 
factor3\ There was no marked difference 
beUveen total doses of 0.05 gAg ^nd 0.3 
gAg whether administered in a single dose 
or in three injections 2 or 24 hours apart. 
If, however, IS hours were permitted to elapse 
between infection and first treatment, statis- 
ticall3^ significant differences appeared be- 
tween the results of various low-dose sched- 
ules. With a total of 0.1 gAg, the single dose 
was quite unsatisfactor3% ^vhereas wdth 3 doses 
administered at 2-hour intervals, onl}" one- 
fourth of the animals showed lesions. Three 
injections 24 hours apart gave intermediate 
results. These differences betw’een various 
dosage schedules were not apparent at higher 
total dose levels (Table III). In order to 
obtain satisf actor}'’ response with long-interval 
regimens, the dosage had to be larger than 
with schedules emplo3'’ing injections every 2-4 
hours. 

Comment. Experimental work in chemo- 
therap}'' is often based on overwhelming t3’’pes 
of infection. Small numbers of highl}^ viru- 
lent organisms are introduced into animals 
in such a manner as to permit rapid multipli- 
cation and to produce prompt death. Thus 
the animals represent little more than livdng 
test-tubes to which chemotherapeutic agents 
are added earl}' in the infection, prior to the 
appearance of symptoms and lesions. Lnder 

S. F., Foster, L. E., Larson, A., nml 
Merer, K. F., Proc. Soc. Exr. Biol, akd Med., 
1048, CO, 528. 
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TABLE U. 

Comparison of Treatment Besults vAth Various Dosage Schedules in Intranasal and Intra- 

cerebral Pasteurella Infection. 

Treatment Schedules. 


Intranasal infection Intracerebral infection 


Total dose 
streptomycin 
gAg 

/ " 

Single 

inj. 

3 inj. 
q2 li 

3 inj. 
q 8 li 

3 inj. 
q 24 h 

r 

Single 

inj. 

3 inj. 
q21i 

3 inj. 
q8h 

3 inj. 
q24 h 

.05 

9/20^ 

5/20 

4/19 

5/20 

16/201 

14/20 

17/20 

15/20 

.20 

4/30 

2/30 

3/29 

4/30 

8/20 

5/20 

2/20 

10/20 

.30 

4/30 

1/28 

3/30 

3/30 

7/20 

1/20 

1/19 

6/20 

.40 


2/20 

1/18 

1/20 

— 

0/19 

0/20 

1/20 

0 

46/50 

— 

— 

-- 

60/60 

— 

— 

— 


All mice infected with lOC bacteria. First dose of antibiotic given 4 hr after infection. 
* Infected/Total. 

1 Deaths/Total, 


TABLE III. 

Influence on Therapeutic Besults of the Time Elapsed Before Treatment "Was Started. 

Total Dose of Streptomycin.* 


Treatment 

started 

Bosage 

schedule 

0.1 g/kg 

0.3 gAg 

EDso 

gAg 

S.E. of ED..;o 
gAg 

inf./Tot. 

% lesions 

Inf./Tot. 

1 

% lesions 

4 hr after 

Single dose 

13/40 

32.4 

4/10 

10.0 

.081 

Hr .013 

infection 

3 X q2h 

8/39 

20.5 

1/40 

2.5 

.052 

H- .009 


3 X q24h 

7/40 

17.2 

3/38 

7.9 

.063 

Hr .011 

18 hr after 

Single dose 

35/40 

87.5 

12/40 

30.0 

.219 

H- .028 

infection 

3 X q2b 

11/40 

27.5 

8/40 

20.0 

.048 

H- .020 


3 X q24h 

19/39 

48.6 

9/40 

22.5 

.106 

Hr .014 

Controls 

0 

49/52 

94.2 


— 

— 

__ 


All mice infected with lOO pasteurella. 

ED-„: Bose resulting in 50% freedom from lesions. S.E. of ED-o- Standard error.io 
* Only 2 doses are given here. Additional ones were used to calculate ED,-;^ and its standard 
error. 


such conditions the natural defense mechan- 
isms of the host do not commonly come into 
play and the animals die from intoxication or 
organ necrosis, often without the develop- 
ment of gradually progressive lesions. 

In a few human infections, like pneumonic 
plague, the pathogenesis parallels that seen 
in experimental animals, and exT»erimental 
chemotherapeutic results may be directly 
applicable to patients. In the majority of 
human infections, however, the disease is much 
more complex than that of the “test-tube” 
experiment in animals. Host reactions influ- 
ence the development of tissue lesions which 
may have a spontaneous tendency toward 
healing, and antibiotics probably support 
mechanism of defense rather than replace 

nLitclifield, J. T., and Fertig, X IV., Bull 
Johiift Hopl’ins Ho.vp., 1941, CO, 276. 


them. In human disease chemotherapy is 
seldom started prior to the development of 
symptoms or lesions. The extent to which 
results of “test-tube” experiments in animals 
mirror events in patients is debatable. 

The observ^ations reported in this paper 
indicate that route of inoculation, nature of 
disease, and the time treatment is started, 
can influence considerably the relative merits 
of various dosage schedules employed in 
chemotherapy. 

Intracerebral pasteurella infection can be 
cured by streptomycin, subcutaneously ad- 
ministered to mice. This in itself is a remark- 
able finding. The data cannot be used to 
support the opinion^ that some types of 
human central ner\ms system infections like- 

i^^Hoyne, A. L., nnd Brown, E. H., 

1948, 13G, 597. 
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wise are cured by intramuscular streptomycin 
alone. The intracerebral pasteurella infection 
of mice is strictly of the '^test-tube'' type and 
treatment is successful only if started prior 
to the appearance of symptoms. 

Mice infected with the same pasteurella 
by the “natural” respiratory route suffer from 
a slower, progressive disease and die usually 
from anoxia due to widespread pneumonic 
lesions. Streptomycin is effective when starts 
ed relatively late in that disease process, but 
even high doses may cure only a certain pro- 
portion of the animals. Such late treatment 
emphasized differences between dosage sched- 
ules, not apparent under less critical condi- 
tions. The use of similar “natural” types of 
infection in chemotherapeutic testing is not 
likely to yield as clear-cut pharmacological 
^ results as the “test-tube” types but it might 
' contribute information on the dynamics of 
antibiotic action important in human disease. 

' Smmnary, 1. The therapeutic effect of 
streptomycin was evaluated in mice infected 
with a pneumotropic pasteurella either by the 


respirator}" or by the intracerebral route. 

2. When treatment was started within 4 
hours after infection intracerebrally mice could 
be saved by streptomycin injected subcu- 
taneously. With a total dose of 0.3 g/kg 
streptomycin the main factor determining 
success of therapy w’as the time interval be- 
tween infection and first administration of 
antibiotic. 

3. With comparable dosage regimens larger 
amounts of streptomycin were necessary to 
cure the intracerebral than the respiratory 
infection. 

4. When treatment of the pulmonary infec- 
tion was delayed for 18 hours, until symp- 
toms and lesions were present, marked differ- 
ences appeared in the effectiveness of dosage 
schedules similar in their effects when treat- 
ment was started'soon after infection. 

5. The possible usefulness of “natural” type 
infections in chemotherapeutic experiments is 
discussed and compared to the “test-tube" 
type of experimental disease. 
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Failure of an Extract of Pregnant Mares’ Urine to Influence Gastric 

Secretion in Man. 


Joseph B. Kirsner, Erwun Levin, and Walter Lincoln Palmer. 

From the Frarih FiUinf;s Medical Clinic, Department of Medicine, V7iiv€rsitp of Chicago, 


The effect of extracts of urine upon gastric 
secretion and upon the course of experi- 
mentally induced ulcer has been studied by 
many investigators. Sandweiss, Saltzstein, 
and Farbman^- noted delay or prevention of 
ulcers in the dog following the administration 
of extracts prepared from human pregnancy 
urine and the urine from normal women. 
Various observers^*^ have reported the pres- 

J., Srntzltein, H. C., and Farb* 
man, A., Avu J, Dig, Dis,, 1938, 

Sandweiss, D. J., Saltzstein, H, C., and Farb- 
man, A., Am, J. Dig. Dis., 1939, 6, 16. 

3 Friedman, M. H. F., Recknagcl, B. O., Sand* 
weiss, D. J., and Patterson, T. L., Proc. Soc. Exp. 
Biou AND Med., 1939, 41, y09. 


ence in human and canine urine of a substance 
inhibiting gastric motility and the secretion 
stimulated by histamine and by a meal. Fur- 

•* Necheles, H., Hanke, ;M. E.. and Fantl, E., 
Proc. Sog. Exp. Biol, and Med., 1939, 42, 61S. 

3 Gray, J. S,, Wicezorowski, E., and Tvv, A, C., 
Science, 1939, SO, 489. 

a Calmer, C. U-, Atkinson, A. J., and Ivy, A. C., 
Endocrinology, 1939, tM, 63 1. 

TGra.v, J. S., Wicezorowski, E.. Cuhtter, C. V., 
and Adkinson, J. E., Am, J. Physiol., 1940, 120, 
589. 

s Culmer, C. V., Gray, J. S., Adkinson. J. L., and 
Ivy, A. C., Science, 3940, 1)1, 147. 

a Friedman, M. IE F.. and Sandweiss, D. J.. 
Am. J. Dig. Dis., 1941, 8, 366. 
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TABLE I. 

Effect of Extract of Pregnant Mares’ Urine (Kutrol) on Nocturnal Gastric Secretion of Patients Avitli 

Peptic Ulcer. 

Control period After period 

t ^ Amt . i 




Vol. 

Free HGl 

Total output 

Kutrol 

Vol, 

FreeHCI 

Total output 


Case 

(ce) 

(Cl units) 

HCl (mg) 

(g) 

(ee) 

(Ci units) 

HCI (mg) 




Active Material 





C.O’K. >'o. ■i23-i01 


585 

53 

1120 





6t 43 

gastric ulcer 

1 

440 

50 

801 

1.125 

590 

54 

1151 

J.B. No. 324931 


619 

20 

440 





S. 30 

gastric ulcer 

o 

844 

22 

662 

1.875 

1048 

38 

1434 

K.A. No. 421oG0 









9, 44, duod. ulcer 

3 

919 

52 

1743 

1.875 

953 

57 

1965 

A.B. No. 410714 









^ , 44, duod. ulcer 

4 

637 

18 

443 

1.873 

520 

24 

470 

E.B. No. 427G55 









^ , 38, duod. ulcer 

5 

1171 

64 

2704 

7.125 

922 

51 

2207 

J.I. No. 214008 









^ , 39, duod. ulcer 

G 

1326 

79 

3831 

7.125 

1252 

53 

2393 

E.P. No. 428179 









^ , 56, duod. ulcer 

7 

830 

68 

20G2 

7.125 

647 

57 

1332 

S.H. No. 435305 









S , 52, duod. ulcer 

8 

1124 

81 

3314 

7.50 

1273 

76 

3456 

X McA No. 347846 



Control Material 













6 . 33, duod. ulcer 

9 

lies 

47 

2028 

7.125 

1140 

48 

2415 

A.H. No. 432870 









9, 56, duod. ulcer 

10 

918 

71 

2377 

7.125 

1262 

69 

' 3191 

A.H. No. 403706 









6 , 57, duod. ulcer 

11 

1135 

48 

1965 

7,12.5 

910 

53 

1785 

J.R. No. 232510 









6 , 57, duod. ulcer 

12 

1054 

G9 

2633 

7.125 

1139 

07 

2513 


ther study resulted in a preparation, 
designated as urogastrone, free of pyrogenic 
impurities and gonadotropic hormones. ^Mien 
administered subcutaneousij^, the cjuantitv of 
extract effective against the ulcers resulting 
from the iMann-Williamson operation ap- 
peared too small to reduce gastric secretion; 
the protective action, therefore, was attrib- 
uted to some factor other than that inhib- 
iting gastric secretion, Sandweiss ct al}- 

lOGrnr, J. S., Culmer, C. tj., Weczorowsl^i, E., 
and Adkinson, L L., Proc. Soc. Exr. Biol, axd 
Mrp., 1940, 4S, 225. 

uOxaT, J, S., WicczorowsH, E., and Iw, A. G. 

J. Bh., 1940, 7, 513. * ^ 


observed beneficjal effects against experi- 
mental ulcer in the presence of an essentially 
unaltered acid gastric Juice; the protective 
agent was found in the urine of pregnant and 
of normal females, but only in small quanti- 
ties in the urine of patients with peptic ulcer- 

The latest preparation to receive attention 
is an extract of the urine from pregnant mares, 
termed Kutrol, This material is described'^ 
as entirely devoid of estrogenic or gonado- 
tropic activity, highly soluble in water, and 

32 Sandweiss, D. X, Sugarman, M. H., Friedman, 
M. H. F,, Saltzstcin, H. C., and Farbman, A. A., 
Jm. J. Big. BU,f 1941, 8, 371. 

33 Sharp, E. A., Personal cotntnunicalion. 
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manifesting an acceptable degree of antiulcer 
activity when assayed .on the Shay rat; its 
precise nature is, however, not known. Ber- 
covitz, Page, and Heffner^^ recently have re- 
ported encouraging results in the treatment 
of chronic duodenal ulcer with doses of 0.6 
g by mouth daily in divided amounts. It 
appeared desirable, therefore, to determine 
the effect of Kutrol upon gastric secretion in 
man. 

Method of Study, The method of investi- 
gation was similar to that described previ- 
ously.^^'i® Twelve patients, 10 with active 
duodenal ulcer and 2 with gastric ulcer, were 
studied. Continuous gastric suction was 
maintained by a Gomco aspirator, the con- 
tainers being replaced each hour. In 4 pa- 
tients the 12-hour nocturnal gastric secretion 
was measured before and approximately 2 
hours after the administration of the extract* 
via the stomach tube; one individual received 
.0.225 g every 2 hours for 5 doses, a total of 
1.125 g; the remaining 3 were given 1.875 g 
in divided amounts. The subjects were main- 
tained on a liquid diet during the interval 
when aspiration was discontinued. 

In 4 patients gastric suction was continued 
for 36 hours. After 16 or 17 hours (either 
at 1:30 or 2:30 p.m.) 7.125 to 7.50 g of Ku- 
trol were introduced into the stomach via the 
Levine tube. Aspiration was resumed after 
an interval of 3 hours, and maintained for an 
additional 16 or 17 hours. The remaining 4 
patients were studied in an identical manner 
but received 7.50 g of an ^^inactive” material; 
this group, therefore, served as an additional 
control. Fluid and electrolyte balance was 
maintained in the two latter groups by the 
intravenous administration of 5% glucose in 
isotonic saline solution. 

^^iTBerco^ltzT^zrT., Page, R. C., and Heffner, 

B. R., Am. Gastroenterological Assn., May 1, I94S, 
Atlantic City, N. J. 

15 Levin, L., Kirsiwr, J, Palmer, W. L., .and 
Butler, C., 1948, 46, 345. 

ic Kirsimr, J, B., Levin, E., and Palmer, . L., 
pROC. Soc. Exr. Biol, Med., 1948, OS, 90. 

* Made available through the kindness of Drs, Z. 
Bcrcovitz and E. A. Sharp. The e.vtraet was pre- 
pared in kapscals, each containing 0.075 g of the 
active material in the form of a powder. 


Results, The data for the 12 -hour noc- 
turnal gastric secretion are summarized in 
Table I. The volume, free acidity and output 
of hydrochloric acid were not significantly 
reduced despite the administration of 7.50 g 
of the extract of pregnant mares^ urine, a 
quantity 12 times larger than the present 
clinical dose. The control material likewise 
was without discernible effect. The adminis- 
tration of Kutrol did not decrease the con- 

FAIURE OF EXTRACT OF PREGNANT MARES* URlNt (KUTROL) TO 
INHIBIT FASTING GASTRIC SECRETION 



Fia, 3. 


W/LORf OF'mcrtVCEXTRACr OF MARES* URINF (CONTROL/ 

TO INHIBIT FASTING GASTRIC SECRETION 

A.K432870 ffMAlf >ACr »5 CUOOtNAt ULCtP 
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Plethyssiograph Changes wth Expieation- 


tinuous, fasting, 36-hour secretion; represen- 
tative studies with the active extract and 
the control material are shown in Fig. 1 and 2. 
The hourly volume, free acidity, and output 
of hydrochloric acid remained essentially un- 
changed. No untoward effects were observed 
in these studies. 


Conclusion. The intragastric administra- 
tion of an extract of pregnant mares’ urine, 
Kutrol, in quantities as large as 7.50 g does 
not decrease the volume, free acidity, or out- 
put of hydrochloric acid in the 12-hour noc- 
turnal gastric secretion or in the continuous 
36-hour secretion of patients with peptic ulcer. 
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Effect of Forced Expiration upon Finger and Pulse Volume.*^ 

Vincent de Laeea, Jr., and Herbert R. Brown, Jr. 

(Introduced by W. S. McCann.) 

Vrom the Department of Medicinef University of Rochester School of Medicine and Dentistry, 
and t?ie Medical Clinic of the Strong Memorial Bospital and Rochester Municipal Hospital, 

Rochester, 


Although there is general agreement about 
the peripheral arteriolar constrictive effect 
of a deep inspiration, the effect of a deep 
expiration upon peripheral circulation is not 
\^et clarified. Bolton, Carmichael, and Sturup^ 
and Gilliat- report no effect on finger volume, 
whereas Uhlenbruck^ and de Lalla** observed 
a diminution of finger volume, and the latter 
reported coincident decrease. in skin tempera- 
ture and arterial rate of flow following a 
forced expiration. Therefore it seemed of 
interest to study further the possible changes 
in finger and pulse volume incident to a deep 
expiration. 

Method, Pulse and finger volumes were 
recorded in two ways using a finger plethys- 
mograph each time: (1) In 11 cases the 
plethysmograph changes were picked up by a 
piezo-electric crystal whose output was fed 
into an amplifier-galvanometer recording 
system. The deflections of the mirror gal- 
vanometer were recorded on film moving at 

* This work was carried out under a contract 
between the Office of Naval Research and the 
University of Pochester, School of Medicine and 
Dentistry, 

t Bolton, B., Carmichael, E. A., and Stump, G., 
J, Phys,, I94C, 80, 83, 

2GUHatt, R. \V., J, Physiol., 1948, 107, 7G. 

3 Uhlcnbruck, P., Z, Biol, 1924, 80, 317. 

**de Lalla, V., Am. J. Physiol., 1948, lo2, 122. 


25 mm per second; in 4 of these tracings a 
simultaneous ballistocardiogram was recorded. 
With this method any desired amplification of 
the pulse volume could be obtained, but the 
total finger volume changes could not be 
recorded since the system would not maintain 
a change of baseline; (2) In 5 cases the 
output of the plethysmograph was put directly 
into a Frank capsule whose mirror deflections 
were recorded in the same manner as above. 
Although the pulse impulse waves were not 
large in amplitude with this technic, the total 
finger volume changes were accurately re- 
corded. Respirations were recorded simul- 
taneously in all cases by a pneumograph- 
Frank capsule arrangement. 

Six normal adult subjects were used, 4 
males and 2 females, and a total of 16 records 
were obtained. They were instructed in the 
following manner: “At no time take a deep 
inspiration; at the end of a normal inspira- 
tion expire forcefully and rapidly, as much as 
you can, through your mouth; do not hold 
your breath, but continue to breathe normally 
directly afterwards.’^ This maneuver is 
described in detail since the manner of per- 
formance seems to be important. 

Results, In all cases there was an imme- 
diate decrease in pulse volume, and in the 
5 tracings recorded with the Frank capsule 
there was a simultaneous fall in total finger 



PULSE VOLUME 



PULSE VOLUME AND BALLISTOCARDIOGRAM 


Fiq, 1. 

Seven records sho^^g the effect of a forced expiration on pulse and finger volume. Respira- 
tions are recorded as the top undulating line, ^yith expiration being an upward deflection. The 
time line is dotted : two-tenths of a second between largo dots, 

A, B, C are records of finger pulse volume taken with a piezo-electric crystal and do not show 
baseline changes (see text). Note the immediate decrease in amplitude of the pulse volume 
stroke in all cases immediately following a deep expiration (arrows). The recovery in B 
Occurred in 16 seconds and is not shown. See Fig. 2 for graphs. 

D and E were taken "with a Frank capsule, and recorded total finger volume changes as well 
as individual pulse volumes. Note the fall in total finger volume and the decrease in pulse 
volume following a deep expiration (arrows). The recovery in E occurred within 30 seconds 
and is not shouui. 

F and G are records of finger pulse volume taken as in A with a simultaneous ballistocardio- 
gram recorded below. Note that although the pulse volume diminishes directly after a deep 
expiration (large arrow), the IJ stroke of the ballistocardiogram (smaU arrows) does not. See 
Fig. 3 for graiihs and text for interpretation. 


volume (Fig. 1, 2). The average duration 
of effect was 16 seconds for diminished pulse 
volume and 24 seconds for the diminution of 
total finger volume. The individual response 
of pulse volume change can be determined 
from Fig. 2. The individual duration of total 
finger volume diminution varied from 10 to 
40 seconds. 

In the 4 cases where the ballistocardiogram 
was recorded with the pulse volume, the 
height of the IJ stroke of the ballistocardio- 
mm in millimeters and the height of the 


pulse volume stroke in millimeters was 
averaged for the control period in each case. 
The deviation from the respective control 
average of the height of each IJ stroke and 
pulse volume stroke in millimeters was plot- 
ted against the corresponding beat. These 
correlation graphs are shown in Fig. 3 and 
representative tracings are given in Fig. IF 
and G. In no case was the total stroke 
volume decreased during or after the deep 
e.vpiration, whereas the pulse volume had im- 
mediatel}^ decreased, and remained so even 
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EFFECT OF FORCED EXPIRATION ON PULSE VOLUME 



NUMBER OF BEATS 


riG. 2. 

Graphs of the effect of a deep expiration on finger pulse volume in 
7 cases. The height of the pulse volume stroke (recorded as in 
Pig. lA) measured in millimeters is plotted against the corresponding 
beat. I^ote the immediate drop in pulse volume in all cases following 
a deep expiration (first arrow). The recovery time in seconds is 
indicated between the first and second arrows, in each case. The 
dotted lines in A, B, and P represent strokes which were not measur> 
able because of artifacts caused by the motion of the subject. 


though the corresponding ballistocardiogram 
beat was not smaller than a comparable con- 
trol beat, 

Discuss}077. a deep, forced expiration per- 
formed in the manner described produced a 
decrease in both total finger volume and 
purse volume, in the 6 subjects studied. This 
confirms the reports of Uhlenbruck and de 
Lalla, 

By using the height of the IJ stroke as a 


measure of relative stroke volume^*® the 
simultaneous ballistocardiogram may be inter- 
preted as confirmatory evidence for reflex 
vasoconstriction since the only other probable 
cause for the observed diminution of pulse and 
total finger volume (f.e. diminished left ven- 

2 Starr, I., Rawsou, A,, Schroedcr, hI^Josc^, 
N., Am, J, Physiol,, 1939, 127, 1. 

C Bro'SNTi, H. R., Jr., aud de Lalla, T., Jr,, Un- 
published data. 
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EFFECT OF DEEP EXPIRATION ON PULSE 
AND STROKE VOLUME 


FlO. 3. 

Four graphs of the effect of a deep expiration on tlie hciglit of tlie finger pulse volume stroke 
and on the height of the IJ stroke of the halUstocardiogram (relative total stroke volume) Tim 
deriatiou in millimeters from the control average height of pulse volume and IJ stroke in ni Ih 
meters is plotted against the corresponding beat in each case. Note that although the pulse 
Wunie cu^vrCP.V ) drops after a deep Expiration (first arroiv), the re ative stroke Tolume 
curve (S.T.) does not change significantly. The pulse volume recovery tune is indica c 
seconds between the first and second arrows in each case. The large swings of the S.V. curie 
reflect the respiratorv variation of the total stroke volume. See Fig. IF and G for representa- 
tive tracings. The dotted lines represent strokes which were not measurable because of a 
facts caused by the motion of the subject. 


tricular output) does not seem to have oc- 
curred. (See Fig. IF, G and 3). Since the IJ 
stroke reflects total stroke volume, and since 
the right ventricular stroke volume is known 
to decrease in expiration^, then one might 
expect to find smaller IJ strokes during or 
after the forced expiration than in compara- 
ble control beats, if the left ventricular stroke 
volume had diminished or remained the same. 
That this was not obsenied indicates that the 
left heart stroke volume was increased during 
the forced expiration at the same time that 
the pulse volume was observed to have de- 


Gmmmg, R., and JIoss, 

W., -ilm- 

sirauson, H. D., Bloomfield, R^ A., and Cour- 
paud, A., Am . J . Jfed-, 1946, 1. 315. 


creased. This deduction is sound in view 
of the report of Shuler et al., which states that 
the left ventricular stroke volume increases 
with expiration.^ These findings suggest that 
a reflex vasoconstriction is the cause of the 
diminution of pulse and total finger volume 
incident to a forced expiration. 

One of us had already postulated that 
stretch receptors in the large extra thoracic 
veins may be the origin of this reflex.'* 
However, it is not necessary that these recep- 
tors be located in the large veins themselves 
in order to respond to increased abdominal 
venous pressure. Gammon and Bronk® have 
demonstrated Pacinian corpuscles in tlie 

9 Gammon, G. P., and Bronk, V . 'VT., Proc. Soc. 
Exp. Biol, axd Med., 1934, 
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mesentery which respond to engorgement of 
the neighboring tissue by raising the sys- 
temic blood pressure {i.e. arterial vasocon- 
striction), They also showed that these re- 
ceptors would respond in the same manner to 
increased pressure in the abdominal vena 
cava. It is possible that these receptors are 
the initiators of the observed reflex. 

Should this be true, then it is understand- 
able why the expiration may not produce dim- 
inution of pulse and finger volume if not 
forced. It is likely that a critical intrathor- 
acic pressure must be reached before the 
abdominal venous pressure is raised enough 
to stimulate the receptors. In that event, 
a deep expiration that does not do this will 
not elicit the reflex. 

Summary. 1. Twelve records of the ef- 
fect of a deep, forced expiration on Anger 
pulse volume were obtained from six sub- 
jects. In four of these records a ballisto- 


.cardiogram was recorded simultaneously. In 
5 other tracings total finger volume changes 
were recorded. 

2- In all cases the pulse volume and total 
finger volume (when recorded) decreased 
immediately following the deep forced ex- 
piration. Average duration of diminution 
was 16 seconds for pulse volume and 24 sec- 
onds for total finger volume. 

3. The absence of a simultaneous decrease 
in corresponding ballistocardiogram beats 
suggests that the observed finger changes 
were due to reflex arteriolar constriction, pos- 
sibly initiated by abdominal presso-receptors 
in the great veins or mesentery. 

Appreciation is expressed to Prof, William S. 
McCann for his advice and criticism in the review 
of the manuscript, and to Prof. W. O. Fenn for 
liis helpful suggestions during the course of the 
work. 
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Location of Communications between Cognate Bed of Descending Ramus 
of Left Coronary and Adjacent Collateral Vascular Beds,^ 

J. Richard R. Bobb, Donald C, Kunze, WiLLiAai INIcCall, Jr., and Harold 

D. Green. 

From the Department of Physiology and Fharmacologyf Bowman Gray School of Medicine of 


TVal:e Forest CoUegCf 

i\‘Iore than 40 years ago, Hirsch and 
Spalteholz^ noticed that after ligation of a 
coronary artery, the area of infarction was 
much smaller than the myocardium apparently 
supplied by that artery (cognate bed). Two 
years later Miller and Mathews" made the 
same observations, and suggested that this 
was due to the presence of fine epicardial ar- 
terial anastomoses. Since that time, numer- 
ous additional reports have appeared describ- 
ing the variability in the occurrence of and in 
the size of infarcts produced by cQronar\^ ar- 

♦Supported by a grant from the Life Insurance 
Medical Research Fund, 

t Ilirscli, C., and Spalteholz, W., quoted by L. 
Gross, 1921, Hoeber, N. Y. 

-Miller, J. L., and Mathews, S. A., Arch, Int, 
1909, n, 47C. 


W.C. 

tery ligation Sutton and Davis^ suggested 
tying the superficial anastomotic vessels in 
order to get a large infarct. 

No actual studies, however, appear to have 
been done in order to demonstrate whether 
or not the blood supplied by the superficial 

3 Smith, F. M., Arch. Ini. Med., 1918, 22, 3. 
^Mendlowitz, Xt., Schaucr, G., and Gross, L., 
Ain. Heart J., 1937, 13, GG3. 

5 Karsner, H. T., and Dwyer, J. F., J, Med. Re- 
search, 191G, 34, 21. 

G Smith, F. M., J. Med. Sc., 1918, 150, 706. 
7 Gold, H., Travcll, d., and Modcll, XV., Am. 
Heart J., 1937, 14, 284. 

sO’Xcill, J. F., and Thomas, W, C., Personal 
communications, 1947, 

Sutton, B. a, and Bavis, M. B.*, Arch. Jnt. 
Med., 1931, 48, 1118. 
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vessels is the cause of the variability in the 
resulting infarctions. It was reasoned that 
if the principal collateral supply is through 
the superficial vessels, then if an artery were 
ligated and all superficial anastomotic 
branches were interrupted, an infarct of fairly 
predictable size should result. On the other 
hand, if a consistent infarct was not obtained, 
then the collateral blood supply must come by 
way of deep communicating vessels. This was 
tested by the following procedure: 

Method. Mongrel dogs of both sexes and 
weighing 5 to 16 kg were anesthetized with 
intravenous sodium pentobarbital! (40 mg/ 
kg), artificial respiration was administered 
and aseptic thoracotomies performed by sub- 
periosteal rib resection. 

Immediately before operation the dogs were 
given 10,000 units of penicillin. Postopera- 
tively they received a total of 90,000 units 
in divided doses 3 times a day for 3 days. In 
the last 24 thoracotomies penicillin in emulsi- 
fied oil (PendiU) was used to maintain the 
penicillin level through the 2 first postopera- 
ti\'e nights with water soluble penicillin being 
given in the day. This materially reduced 
the number of injections required and was 
found to be much more convenient. In these 
series totalling 52 thoracotomies treated with 
penicillin there was not a single death from 
infection nor did any show more infection 
than a drop of pus around an unremoved 
skin suture. This is in marked contrast to 
Miller and Mathews’^ results of a death 
rate of 60% due to sepsis. 

Three groups of procedures were carried 
out upon the hearts. 

Group A. In 23 dogs the anterior de- 
scending arteries and the accompanying veins 
were ligated 1 to 2 cm below the bifurcation 
of the left coronarj^ arteries. This is the 
region, where there is usually a relatively 
large branch going to the left ventricular 
m^mcardium. In 11 of these dogs the main 
vessel and this large branch were individually 
tied; in 9 dogs the ligature was above the 

i Supplied by Premo Pliarmaceutical Labs, Inc., 
New York aty, N. Y. 

t Supplied ‘by Endo Products, Inc., Ricbmond 
HiU, N. T. 


(to 



Pig. 1. 

Diagram of the site of ligation of the descending 
ramus of the left coronary artery with tlie site of 
the superficial burn indicated by crosshatching. 
The figures at the top of the diagram indicate tlie 
number of animals receiving each type of ligation 
plus cautery. All of the above types arc included 
in Group A. 

first large branch; in 3 dogs the ligature was 
below the first main branch which was left 
intact (see diagram). The areas of distribu- 
tion of the arteries were exposed and the 
edges touched with a hot iron cautery pro- 
ducing burns light brown in color and about 
3-5 mm in width. Similar burns on excised 
and living hearts showed that burns of this 
type extend into the m3mcardium less than a 
millimeter. The chests were closed in layers 
(Fig. 1). 

Group B. In 8 animals a ligation was done 
as described for the first 20 of Group A but 
cauterization Avas omitted. 

Group C. In 4 animals cauterization as 
described was done without ligation. 

All animals were sacrificed 8 to 14 days 
after operation. 

Results. Table I. Six animals died Avithin 
24 hours after the ligation-cauterization pro- 
cedure. The cause of death aa'hs probably 
ventricular fibrillation since no other cause 
could be found at autopsy. These animals 
were dropped from the series because their 
early deaths did not alloAv enough time for 
the development of gross evidence of infarc- 
tion. Recently preoperatiA^e and postopera- 
tive intravenous procaine, 10 mg/kg at each 
administration, was added to the procedure. 
Of 6 dogs so treated, one died of fibrillation 
“while the chest was still open- The remainder 
survived until sacrificed. The latter death 
casts some doubt on the efficacy of procaine 
in preventing the fibrillation which occasion- 
ally accompanies this procedure. 
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TABLE I. 

Besults in Animals Sacrificed. 


Groups 

Gross No gross No. in 
infarction infarction group 

Group A 

17 

0 17 ■ 

»» B 

6 

2 8 

»» G 

0 

4 4 

Total in Groups A and B 23 

2 25 


The difference in occurrence of infarction was 
significant below the 5% level. In this case: 

(ad — 


(a+b) (c + d) (a + c) (b + d) 

The results on the remaining animals were 
as follows: Group A. Cautery and Ligation. 
All 17 of the hearts of the animals surviving 
the first 24 hours showed definite gross in- 
farctions involving the full thickness of the 
myocardium and extending to the burned 
areas. 

Grot(p B, Ligation. Two of these showed 
extensive infarctions approximating those seen 
in Group A; 4 showed infarctions smaller 
than area apparently supplied by the artery; 
2 showed no gross evidence of infarction. All 
areas of necrosis stopped abruptly at the right 
edge of the anterior vessels, f.c., the necrosis 
did not involve the right ventricular myo- 
cardium. These were different than the 
ligated cauterized infarctions where the ne- 
crosis extended to the cauterized area on the 
right ventricle. None of the infarctions in 
either series involved the interventricular 
septum. 

Group C. The only lesions found were ad- 
hesions between the burned area and the 
pericardium. None showed gross infarctions. 

Discussion. The X- value of com- 

paring incidence of infarction in Groups A and 
B, shows that the probability of chance oc- 
currence lies well below the 5% level. There- 

lOCIiambers, E. G., Cambridge Untr. Press, 
1940, Cambridge, England. 


fore, we consider this difference to be proba- 
bly significant, 

Lowe^^ and Lowe and Wartman^- have 
shown how branches from the epicardial ves- 
sels go to their respective layers of the myo- 
cardium. It appears possible from our studies 
that these small arteries may be end arteries, 
in the strict sense, and have only capillary 
and small arteriolar anastomoses with the 
other arteries supplying the same layers. The 
present study suggests that the deep small 
anastomosing vessels cannot prevent necrosis 
of a very large portion of myocardium when 
its epicardial supplying arteries are interrup- 
ted. 

Summary and conclusion. The frequent 
failure to obtain infarcts and the variability 
in the size of the infarcts which follow liga- 
tion, of a coronary artery in the dog suggest 
the presence of prominent anastomotic com- 
munications with collateral vascular beds. To 
determine whether these communications were 
in deep or superficial vessels, the consistency 
of infarction with simple coronary ligation 
was compared with the infarction which re- 
sulted from coronary ligation plus occlusion 
of the superficial vessels by cauterization 
about the cognate bed of the ligated vessels. 
Since the latter procedure produced infarc- 
tions of predictable size in all of the 17 dogs 
so treated, which survived for 24 hours or 
longer, it is concluded that the principal anas- 
tomotic communications with collateral ves- 
sels lie in the epicardium. 

It is suggested that ligation plus superficial 
cauterization may be of definite value in 
providing a fairly well standardized procedure 
for the experimental study of myocardial in- 
farction. 

11 Lowe, T. E., Am. Rcart J., 1941, 21, 32G. 

12 Lowe, T. E., and Wartman, AV. B., Brit. 
Rcart J., 1944, C, 115. 
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Effect of Hypophyseal Growth Hormone upon the Urinary Nitrogen 
Excretion of Fasting Rats.^ 


John E. Whitney, Leslie L. Bennett, 
From The InsiiUiie of ExpcrimeniaJ Biology 

Calif OTTiiia^ 

It was shown by Harrison and Long^ that 
the administration of a saline extract of the 
anterior pituitary would decrease the urinarj'' 
nitrogen excretion of fasting rats. It seemed 
of interest to determine if pure growth hor- 
mone would produce the same results. 

Methods. The hormone used was prepared 
according to the previously published 
method.' All animals used were “plateued” 
female rats of the Long-Evans strain which 
weighed between 150 and 200 g and -were 
from 5“8 months of age. There were 2 
groups of 5 animals each and during the 
control periods each animal was fed 12 g 
of the stock dieri dail}'', this amount being 
eaten completely. The animals were kept 
in individual metabolism cages; urine col- 
lections were made daily; and the urine was 
analyzed b}^ the micro-Kjeldahl procedure for 
its total nitrogen content. 

Following a S-daj^ preinjection control 
period, all animals were fasted for 2 days and 
the animals in Group 1 were given intraperi- 
toneall}^ 200 y of growth hormone per day. 
(The dose was divided so that the hormone 
was given in 100 y doses each morning and 

* Aided by grants from tlic American Cancer 
Society (through the National Research Council, 
Committee on Growth); the National Institute of 
Health BG 409, and The Bcsearch Board, Univer- 
sity of California. 

1 Harrison, H. C., and Long, C. N. H., Endoc- 
rinology i 1940, 26, 971. 

2 Li, C. H., Evans, H. H., and Simpson, M. E., 

J. Biol. Chem., 1945, 159, 353. 

t The diet fed consisted of ground whole wheat 
C7.5%, casein 15.09^, whole milk powder 10.0%, 
NaCl 0.75%, CaCOs 1.5%, hydrogenated vegetable 
oil (Orisco or Priraex) o,2o%. To each kg of diet 
were added 3.5 g of Sardilcuc (fish oil concen- 
trate containing 3000 USP units of vitamin A, and 
400 chick units vitamin H per g). 


Choh Hao Li, and Herbert ■M. Evans. 

aiid the Bivision of Bhysiology, Vniversity of 
Berkeley. 

evening.) The animals in Group 2 served 
as the uninjected controls. At the end of 
the 2-day fasting period, hormone administra- 
tion was stopped and the animals were again 
fed 12 g of diet per day. At the end of a 
second control period of 10 days the rats 
were again fasted and hormone administration 
again started. During this injection' period 
the animals in group 2 received the same dose 
of hormone as above, while the previous!}" 
injected animals served as the controls. The 
fast was continued for 5 da}^s, 2 of the control 
rats d}dng on the 5th day. Growth hormone 
injections were continued for 6 days after 
termination of the fast. Urinary nitrogen ex- 
cretion was then determined for a subsequent 
9-day post-injection control period. 

Results and Comment. The data of the 
experiment are presented graphically in Fig.* 
1 in which the average daily nitrogen excre- 
tions of each group are plotted. It will be 
seen that the average nitrogen excretion of 
the growth hormone-treated animals was low- 
er than that of the controls during each fast- 
ing period. The average nitrogen excretions 
of the injected animals during the first and 
second fasting periods were 91 and 64 mg 
per day respectively as compared to 116 and 
126 mg per day excreted by the controls dur- 
ing the same periods. These were compared 
statistically according to the methods of 
Fisher" and a p value of 0.02 and of less than 
0.01 were obtained for the first and second 
fasting periods respectively. 

It is also of interest to note that following 
the re-institution of feeding after the second 
fasting period the nitrogen excretion of the 
animals receiving growth hormone remained 

3 Fisher, R. A., Statisficul for Jtrsearcb 

Workers, lOth EtL, Edinbur^rlj. London, Oliver nnd 
Boyd (1946). 
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Effect of Growth Hormone on the Nitrogen Excretion of Fasting Rots 



Time in Days 
Fig. 1. 


below that of the controls. Following the 
cessation of growth hormone administration 
there was an increase in nitrogen excretion 
comparable to that previously described.^ 
The 2 animals in the control group that died 
showed the t^T^ical pre-mortal rise in nitrogen 
excretion while none of the treated animals 
showed a similar rise during fasting. 

That growth hormone has a protein ana- 
bolic effect in fed animals is well showm by 

•*Gordan, G. S., Bennett, L. L., Li, C. H., and 
Evans, H. M., EmlocrinoJofjy^ 1948, 42, loS. 


the fact that it produces general body growth 
and nitrogen retention.*^ That it reduces 
urinary nitrogen excretion in fasting rats is 
evidence that its vet effect is to reduce pro- 
tein catabolism under these conditions. How- 
ever, this type of data does not permit any 
critical evaluation of the mechanism of ac- 
tion of growth hormone on protein meta- 
bolism. 

Concluston, Growth hormone at a dose 
level of 200 y per day reduces the urinary 
nitrogen excretion of fasting adult female 
rats. 
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Relationship of the Pituitary to the X zone of the Mouse Adrenal,^ 

I. Chester Jones.^ (Introduced by Roy 0. Creep.) 

From the Biological Bcsearcli Lahoratorij, Barvard School of Denial Medicine, Boston, 


The relationship of the X zone of the mouse 
adrenaF"^ to the pituitary is not known. It 
was considered that the use of the technic of 
hypoph 3 ^sectom 3 '’ might produce results of 
help in the elucidation of this problem. 

Material and Methods, Virgin female 
''Swiss albino'' mice, aged 4CM2 days at the 
commencement of the experiment, were used. 
The adrenal X zone is well developed at this 
age. Hypophysectomy was performed by the 
parapharyngeal approach. Injection of the 
hormones noted below was started 24 hours 
after the operation (except that the chorionic 
gonadotropin injections were commenced 48 
hours after operation) and the animals killed 
24 hours after the last injection. The mice 
were grouped as follows: 

1. Twelve intact untreated animals killed 
at 54-58 days of age. 

2. Eleven animals h3jpophysectomised for 
12 days and 8 for 14 days and then killed. 

3. Nine hypoph 3 Tsectomised animals in- 
jected with a pituitary preparation, princi- 
pally adrenocorticotropin^ in nature, 1 mg 
per da 3 '' divided into three intraperitoneal in- 

* Aided in part by a grant from the Common- 
wealth Pund. 

t Fellow of the Commonwealth Fund, on leave 
of absence from the Department of Zoology, Liver- 
pool University. 

1 Howard-jMiller, E., Am. J, Anat., 1927, 40, 25. 

2 Parhes, A. S., Fliys. Bcv.^ 1945, 25, 203. 

3 Jones, J. Chester, Q.J.M.S., 194S, 89, 53. 

i The author is very grateful to the Armour 
Company for the ACTH and LH preparations and 
to the Sehcring Corporation for the FSH. The 
ACTH used was lot 42B about 36% potenc}’ of 
the Armour La-l-A staudard; see Forsham, P. H., 
et ahf J. Clin. End., 1948, 8, 15, for discussion of 
this and of the t 3 ’pe of contaminants. The LH 
type of gonadotropin was Lot FW-234, the main 
contaminants being posterior lobe hormones; there 
was slight FSH activity. The FSH t}i)c of 
gonadotropin C ^ Synergist * produced good fol- 
licle development in the ovaries of hypophysccto- 
mized mice with some lutcinization. 


jections, for 12 da 3 ^s. 

4. Nine hi^pophysectomised animals injected 
subcutaneously with 1 mg of pituitary gonado- 
tropin, principally LH^ in nature, for 10 days. 

5. Five hypoph 3 'Sectomised animals injec- 
ted subcutaneously with 1 mg per day of 
pituitary gonadotropin, principally FSHt in 
nature, for 10 days. 

6. Six h 3 T)ophysectomised animals injected 
intraperitoneally with 11 I.U of human chor- 
ionic gonadotropin (“Korotrin") per day for 
10 days. 

The right adrenal was treated routinely 
after fixation in Bouin’s and stained in Harris’ 
haeniotox 3 din and eosin or Heidenhain’s Azan. 
The left adrenals were fixed for histochemical 
studies and are not being reported upon here. 
The thymus, uterus and ovaries were weighed; 
the ovaries were then treated as for tlie right 
•adrenal. The completeness of h 3 '’poph 3 ^sec- 
tomy was judged b 3 ^ the examination of serial 
sections of the appropriate area in 2 cases 
from each group; in the remainder the suc- 
cess of the operation was judged by the ex- 
amination of the sella turcica region under 
binoculars (x IS). Added confirmation was 
given by the weight of the animal and, where 
relevant, by tlie weights of the uterus and 
ovaries and the histological condition of the 
ovaries and adrenals. 

Results, The intact untreated animals 
showed a well-developed X zone with deep 
eosinophilia of the c 3 '^toplasm and large vesic- 
ular basophil nuclei. After 12 to 14 da 3 ^ of 
h 3 'pophysectomy the X zone became more 
compact,^ the c 3 dopIasm of the cells had 

$ Lcbloiul. C. P., and Nelson, W. O., (Bull. Bist, 
AppL, 1937, 14, ISl), note the disappearance of 
the X zone after hypopln'sectoiny but tlieir data in- 
clude only four mice wliicli wotild have had an X 
zone at tlio time of operation and the length of 
time for which these were hypophyscctomizcd is 
not made clear. The ‘'brown degeneration oc- 
curring in another scries^ did not appear in the 
hypophyscctomizcd nniniflls in this experiment. 
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shrunk and stained only faintly ivith eosin; 
the nuclei were irregular and stained deeply 
with haemotoxylin (remains of the X zone 
can be seen up to 100 days after hypophysec- 
tomy^). The zona fasciculata showed the 
atrophy characteristic of the adrenals of other 
animals after hypophysectomy;^ the zona 
glomerulosa showed no change in the routine 
histological preparations. In the ACTH in- 
jected animals the X zone was unaffected but 
the rest of the cortex resembled that of the 
normal animal. In the LH injected animals 
the X zone was maintained in a condition 
similar to that of the normal animal; the 
zona fasciculata was unaffected and showed 
the atrophy characteristically appearing after 
hypoph^'sectomy; the zona glomerulosa was 
not affected. In the FSH injected animals 
the X zone had not degenerated as far as in 
the hj’pophysectomised controls but the de- 
gree of maintenance was much less than in 
the LH injected animals; the rest of the cor- 
tex had an appearance topical of that of the 
h}T?ophysectomised animal. In the animals 
injected with chorionic gonadotropin the X 
zone had disappeared and a medullary con- 
nective tissue capsule had formed; the re- 
mainder of the cortex was unaffected by the 
hormone. 

Dhcmswn. The X zone depends upon the 
pituitary for the maintenance of its normal 
histological structure and a pituitary gonado- 

4 Joucs, I. Clicster, JCcc., 1948, 100, (4) 

Supp,, p. 40 and unpublished. 

r* Beane, IT. W., and Creep, E, O., Am. J. Anat., 
194G, 70, 117. 


tropin seems to be the maintaining factor. 
This gonadotropin is possibly LH, the effect 
of the FSH preparation then being due to the 
contaminating LH. The rich LH secretion of 
castrate animals^'’^ would account for the per- 
sistence and growth of the X zone of the 
prepuberally castrated male mouse and for 
the evocation of a “secondary' X zone” in 
the mouse castrated when adult. 

The chorionic gonadotropin, which has 
some physiological properties in common with 
LH, swept the X zone away, paralleling its 
action in the intact animal.^ It is equivalent 
in its results to the direct action of testoster- 
one on the X zone of the hypophysectoviised 
prepuberally castrated male mouse.® In 
normal animals, then, it may be that the 
maintaining factor of the pituitary is over- 
ridden, in the male at puberty by the direct 
action of androgens on the X zone and in the 
female early in first pregnancy by an “anter- 
ior pituitary-like” hormone arising from the 
conceptus or the endometrium,^® The X zone 
seems to be independent of ACTH which in- 
deed may be concerned mainly with the zona 
fasciculata.® The results require confirma- 
tion by the use of chemically pure pituitary 
factors when these are available. 

CHellbaum. A. A., and Creep, E. O., Am. «7. 
Anat., 1940, 07, 287. 

7 Creep, E. O., Pkoc. Soc, Exp. Eiou. axd YIed., 
1940, 44, 214. 

8 Takewaki, K., JFacuJt. Scu, Tokyo, 1935, 4, 
83. 

^ Jones, I. Cliester, 1948, in preparation. 

10 Rowlands, I. IV., J. Endocrinology, 1947, o 
(3), Supp. p. sx. 
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Deleterious Effects of Pancreas in the Hyperthyroid 'Rat.* 
Benjamin H. Ershoff. 

From the Emory W. Thurston Laboratories, Los Angeles, California, and the Department of 
Bxocliemistry and Nutrition ^ University of Southern California, 


In preliminary experiments on the effects 
of feeding various tissues on symptoms of 
thyrotoxicosis in the rat^ it was observed that 
immature rats fed diets containing both desic- 
cated thyroid and pancreas lived but a frac- 
tion of the time of animals fed similar diets 
with either thyroid or pancreas omitted. The 
present experiment was undertaken •to obtain 
further data on this interrelationship. 

Procedure and Residts. Four basal rations 
were employed in the present experiment: 
diets A, B, C, and D. Diet A was a synthetic 
ration. Diets B, C, and D were similar in 
composition but contained 10^ pancreas, 
activated pancreast or papain, added in place 
of an equal amount of sucrose. All 4 rations 
were supplemented with* 0.0 and 5.0 g of 
U.S.P. desiccated thyroid per kg of diet. 
Sixty-four female rats of the Long-Evans 
strain were selected at 21 to 23 days of age 
and an average weight of 45,4 g for the pres- 
ent experiment. Animals were kept in metal 
cages with raised screen bottoms to prevent 
access to feces, and were fed ad lib. the- diets 
listed in Table I. Feeding was continued for 
28 days or until death, whichever occurred 
sooner. 

^ This paper reports research undertaken in co- 
operation with tlie Quartermaster Food and Con- 
tainer Institute for the Armed Forces, and has 
been assigned number 216 in the series of papers 
approved for publication. The views or conclu- 
sions contained in this report are those of the 
author. They are not to be construed ns neces- 
sarily reflecting the views or indorsement of the 
Department of the Army. Contribution Xo. 193 
from the Department of Biochemistry and Nutri- 
tion, University of Southern California. 

t Activated pancreas is desiccated pancreas 
whose trypsinogen has been converted into trypsin. 
Wc are indebted to Mr, Ezra Levin of the YioBin 
Corporation, Monticello, III., for these prepara- 
tions. 


Results are summarized in Table IL Find- 
ings indicate that immature female rats fed 
diets containing both pancreas and desiccated 
thyroid lived but a fraction of the time of 
animals fed similar diets Yuth either pancreas 
or thyroid omitted. On diet Ai 100% of 
the rats survived the experimental period of 
28 days. On diets Bi and Ci (containing pan- 
creas and activated pancreas respectively) 
the mortality rate was 100% with an average 
survival time of 15.5 and 7.4 days respec- 
tively. Findings with papain (diet Di) were 
substantially the same as those with pan- 
creas preparations. A marked retardation in 
growth was observed in animals fed diets Bi, 
Cl and Di, In the activated pancreas series 
(diet Cl) 9 of the 10 rats in this group lost 
weight during the first week of feeding. On 
diets Bi and Di the average gain in weight 
during the first week of the experiment was 
less than 10 g in contrast to an average gain 
of 24.7 g on diet Ai and approximately 20 g 
for rats fed control rations (diet Ao, B^, 
Co and Do). No significant difference in 
growth was observed on the 4 diets employed 
in the absence of dietar}'* thyroid,' although 
gain in body weight was somewhat greater on 
the synthetic ration (diet Ao) than on diets 
containing pancreas or papain. All rats fed 
thyroid-free rations survived the experimen- 
tal period of 28 days. 

No data are available concerning the cause 
of death in animals fed diets containing 
desiccated thyroid and either pancreas or 
papain. Since both of Uie latter substances 
contain proteolytic enzymes and since activat- 
ed pancreas (in which the tr 3 psinogen is con- 
verted into trypsin) was more active than the 
ordinar}^ desiccated material, it was felt that 
the deleterious effects of pancreas or papain 
in the thyroid-fed rat ma\’ have been due to 

" Ti 7 r ^ 227499. 
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TABLE I. 


Composition of B^Lperimental Diets, 


Dietary component 

Diet and Ao 

Diet Bi and Bo 

Diet Cl and Co 

Diet Dj and Do 

Pancreas* 

0 

10 

0 

0 

Activated pancreast 

0 

0 

10 

0 

Papaint 

0 

0 

0 

10 

Casein $ 

22 

22 

22 

22 

Salt mixturejl 

4.5 

4.5 

4,5 

*"4.5 

Sucrose 

73.0 

63.5 

03.5 

63.5 


To each kg of the above diets were added the folloinng synthetic vitainins : thiamine hydro- 
chloride 72 mg, ribodavin 9 mg, pyridoxine hydrochloride 15 mg, calcium pantothenate 67.2 mg, 
nicotinic acid 60 mg, 2-methyJ-naphthoquinone 10 mg, and choline chloride 1,2 g. Bach rat also . 
received 3 times weekly the foUo^ving supplement: cottonseed oil (YTesson) 500 mg, alpha- 
tocopherol acetate 1.5 mg, and a vitamin A>D concentrate^ containing 50 XJ.S.P. units of 
vitamin A and 5 TJ.S.P. units of vitamin B, 

IT.S.P. desiccated thyroid (Armour) was incorporated in diets Aj, B^, Cj, and at a level 
of 5.0 g per kg of diet, replacing an equal amount of sucrose. 

* Desiccated Pancreas, TioBin Corporation, Monticcllo, 111. 
t Activated Pancreas, VioBin Corporation, Montieello, 111, 
tPrenco's Papain Absolute — Powder, Freneo Laboratories, Nogales, ^Vriz, 

§ Vitamin Test Casein, General Biochemicals, Inc., Chagrin Palls, Ohio. 

11 Sure 's Salt Mixture No. l.i 

l^N'opeo Pish Oil Concentrate assaying 800,000 tJ.S.P. units of vit. A and 80,000 L.S.P. 
units of vit. D per g. 


TABLE II. 



Effects of Pancreas Feeding on the Survival Time of Hyper thyroid Rats. 

Dietary 

group 

No. of animals 

Initial 
■'vt (g) 

Gain in body wt 
2S-dar period* 

(8) 

% 

surviving t 

Avg survival 
• time of 

decedents* (days) 

Ai 

10 

Desiccated thyroid series. 
45.1 65.9' 4.6 (10) 

100 



10 

45.2 

— — 

0 

15-5 1.7 

S' 

10 

45.4 

— — 

0 

7,4 0,6 


10 

45.2 

25.0 ±: 4.3 (2) 

20 

18.6 1.2 

Ao 

6 

45,5 

Control scries. 

91.8 ± 4.5 (6) 

100 


Bo 

6 

45.2 

77.1 -fc 3.1 (6) 

100 



Co 

1^2 

6 

45.0 

76.3 ±2.8 (6) 

100 



6 

45.5 

73.7 ±4.7 (6) 

100 



Ant 

6 

45.5 

ThiToxin series. 

82.8 ± 1,9 (6) 

100 


10 

45.7 

— — 

0 

11.6 0.6 


The values in parentheses indicate the number of animals which survived and on which 
rcrages are based. 


- / 2d2 

Including standard error of the mean calculated as follows: ^ — /Vn where *'d^^ is the 

deviation from the mean and ''n^Ms the number of observations. 

I Experimental period, 2S da vs. 

aurLfmTonteft tTe‘ ^ 


greater digestion and absorption of the thy- 
roid material. Such, hovreverj does not appear 
to be the case for subsequent findings indicate 
the deleterious effects of pancreas feeding may 
be demonstrated following parenteral ad- 
ministration of thyro.xin. The latter e.^eri- 
menl was conducted with 16 female rats of 


the Long-Evans strain similar in age and 
weight to . those emplo.ved in the °earlier 
studies. SLv of these rats were fed the syn- 
thetic ration^ (died Ao) ; the remaining lo 
were fed a diet containing the activated pan- 
treas preparation (diet Q). Three times 
weekly each rat received intraperitoneal in- 



Virus Hemagglutinin 

jections of 200 y thyroxin.^ Injections were 
continued for 28 days or until death, which- 
ever occurred sooner. All animals fed the 
S 3 mthetic ration (diet Ao) and receiving the 
thyroxin injections survived the experi- 
mental period of 28 days. All animals fed 
activated pancreas (diet Co) and administered 
IhjT'oxin died (average sur\dval time 11.6 
days). These findings indicate that the del- 

I Th^T’oxin (S^Tithetic Cryst.), Koche-Organon, 
Inc., N. J. The material Tras dissolved iu 

.1 N NaOH, adjusted to a pH of 8.0 and diluted to 
a volume containing 200 7 thyroxin per ec. 


IN Tissue Cultures 

eterious effects of pancreas feeding in the 
th 3 Toid-fed rat were not due to increased 
digestion or absorption of thyroactive ma- 
terial. 

Summary. Immature female rats failed to 
survive when fed purified rations containing 
both pancreas and desiccated th 3 Toid. Length 
of survival was significantly prolonged if 
either pancreas or th 3 'Toid were eliminated 
from the experimental ration. The deleteri- 
ous effects of pancreas in the thjToid-fed rat 
were not due to increased digestion or absorp- 
tion of thyroactive material. 
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Production of Hemagglutinin by Mumps and Influenza A Viruses in 
Suspended Cell Tissue Gultures.*^ 

Thomas H. Weller and John F. Enders. 

Frovi the Fesearcli Division of Infectious .Diseases of the Children's Hospital, ChUdren*s 
Medical Center, Soston, and the Departments of Pediatrics, and Bacteriology and Immunology, 

Harvard Medical School. 


The property of agglutinating red blood 
cells characteristic of certain viruses such as 
mumps and influenza has provided a simple 
method of estimating their concentration in 
infected materials. The procedure however, 
insofar as we are aware, has not been ap- 
plied to viruses propagated in tissue cultures. 
Accordingly, experiments were undertaken 
with the purpose of ascertaining (a) whether 
the mumps virus would proliferate in sus- 
pended cell tissue cultures of the Maitland 
type and (b) whether this virus and influ- 
enza A virus would in such media produce 
detectable levels of hemagglutinin. 

Methods. Preparation and maintenance of 
adtures. Cultures were prepared in a man- 
ner similar to that described by the Mait- 
lands.^ The nutrient medium consisted 
routinely of 3 parts of a balanced’ salt solu- 
tion made up according to the formula of 


• Aided in part by a grant from the National 
Poundation for Infantile Paralysis, Inc 

1 Maitland, H. B., and Maitland, M. C., Lancet, 


1928, S, 596. 


Hanks^ and 1 part of Simm’s ox-blood serum 
ultrafiltrate.^ This mixture will hereafter be 
referred to as In the experiments with 

mumps virus, the tissue emp]o 3 ^ed consisted 
of amnio tic membrane from 8- or 9-da3^-old 
chick embr 3 'os. The membranes were sus- 
pended in a small amount of “HS”, minced 
with scissors to obtain fragments approxi- 
mately 1 mm in diameter, and centrifuged 
for 2 minutes at 800 r.p.m. in a graduated 
centrifuge tube. The fragments were then 
resuspended in a total volume of six 

times that of the sedimented tissue. Using 
a large bore Pasteur pipette, 3 drops of this 

t The balanced salt solution as recommended by 
Br. J. H. Hanks, contained the following in- 
gredients expressed as g/1: NaCI, S.O; KCI, 0.4; 
MgS 04*7 HnO, 0 . 1 ; MgCl^ • G HoO, 0 . 1 ; CaCb, 
0.14; NaoHr^O^, 0.06; KHoPO^, 0.06; glucose, 
1.0. To each liter, 5 cc 0.4% phenol red was 
added. After autoclaving at 10 lb. for 10 minutes, 
0.5 cc 1.4% isotonic NaHCOj was added per 20 cc 
of the above, 

t Purchased from Microbiological Associates 
Laboratories, Plcmington, N". J. 
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tissue suspension were transferred to 25 cc 
Erlenmeyer flasks containing 3 cc of 
and fitted nnth rubber stoppers. In the ex- h 
periments with influenza virus, the cultures 
vrere similarly prepared ' employing amniotic 
membrane, allantoic membrane, or embryonic 
brain tissue obtained from 8-day-old eggs. 

All cultures were incubated at 35 °C. 

Their subsequent handling differed from 
that usually employed with suspended cell 
cultures in that the nutrient fluid was re- 
placed at inter\^als as indicated below. This 
was accomplished by tilting the flasks, allow- 
ing the tissue to settle, and removing as com- 
pletely as possible the supernatant fluid from 
each flask with a fine bore Pasteur pipette; 3 
cc of fresh were then added. In cer- 

tain of the experiments subcultures were car- 
ried out by transferring aliquots of the pooled 
supernatant fluids thus removed to flasks 
containing freshly prepared tissue fragments, 
Detcnnination of Iie77jaggluthim mid egg 
infeciivHy titers. Using a modified Salk 
technic^ the hemagglutinin titers were deter- 
mined of the stock viruses and of the indi- 
vidual supernatant fluids removed periodically 
from the tissue cultures. The tests on the 
supernatant fluids were performed as soon 
as they were removed, using two-fold dilu- 
tions and beginning with a final dilution of 
1:2. Pooled erythrocytes obtained from the 
same 4 hens were employed throughout. The 
highest final dilution of the supernatant fluid 
giving complete agglutination was taken as 
the endpoint. The results were expressed as a 
geometric mean of the individual hemagglu- 
tinin liters of the supernatant fluids from each 
set of cultures. 

In the experiments on the growth of mumps 
virus in tissue cultures, the infectivity for 
chick embryos of the original inoculum and 
certain of the supernatant fluids removed at 
various times was determined. Aliquots of the 
supernatant fluids were pooled and centri- 
fuged for 15 minutes at 1000 r.p.m. and the 
sediment discarded. Serial ten-fold dilutions 

2 Endcrs, J. F., and Levons, J. II., In: Diagnos- 
tic Procedures for Virus and Rickettsial Diseases. 
American Public Hcaltb Association, A’civ York, 
1948, pp. 139-1G4. 
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Fig. 1. 

Mean hemagglutinin and infectivity titers of 
tissue cultures inoculated T\'iUi mumps virus. 

Tlie hemagglutinin titer (HA) is expressed as 
the Tcciprocai of the geometric mean of the indi- 
vidual titers of the supernatant fluids from 4 cul- 
tures. The infectivity titers are expressed as the 
dilution of the pooled supernatant fluids from 4 
flasks representing the ID50 dose for embrvonated 
hen’s eggs calculated according to the method of 
Reed and Muench.3 

were then prepared in isotonic phosphate buf- 
fer (pH 7.1) and 7-day'Old eggs in groups of 
5 or 6 were inoculated intraamniotically with 
0.1 cc of each dilution. Six or 7 days later, 
the amniotic fluids were han^ested and tested 
individually in a final dilution of 1:8 for the 
presence of hemagglutinins. The presence of 
complete hemagglutination in this dilution 
was taken as evidence of infection. From 
the data so obtained the 50% infectivity end 
point was calculated by the method of Reed 
and IMuench.^ No assay of the infectivity of 
the cultures inoculated with influenza virus 
was made. 

ExperimaitaL ( 1 ). Cultivation of mumps 

5 Reed, L. J., aud Muench, H., Am. J. JSyn., 
1938, 27, 493. 
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virus. A t3TDical experiment which is sum- 
marized in Fig. 1 wall be described. The 
mumps virus employed as the initial inoculum 
consisted of pooled amniotic fluid derived from 
the 42nd egg passage of a strain originally 
isolated and maintained in this laboratory 
(Enders strain). This material had a hemag- 
glutinin titer of 512 and an ID50 of 10"^-^ 
in eggs. Six tissue cultures w^ere prepared 
wdth minced amniotic membrane. Four flasks 
were each immediately inoculated wdth 0.2 cc 
of a ICk^ dilution in isotonic phosphate buffer 
of the virus. The two uninoculated cultures 
w^ere kept as controls. At 4-day intervals the 
supernatant fluids were removed and 3 cc of 
fresh were then added. In this way 

the original cultures wTre maintained over a 
32-day period. The hemagglutinin titers of 
all the individual supernatant fluids w’ere de- 
termined and the egg infectivity titers of the 
pooled supernatant fluids removed on the 
12th, 20th and 32nd day after inoculation 
were established. 

During this period of 32 days two subcul- 
tures were carried out. After the original 
cultures had been incubated 12 days, wdth 
two changes of ''HS” in the interim, equal 
volumes of the supernatant fluids removed on 
the 12th day were pooled, centrifuged for 15 
minutes at 1000 r.p.m. and the sediment dis- 
carded; 0.1 cc of the undiluted pooled super- 
natant fluid was then added to each of 4 
newly prepared flasks containing minced amni- 
otic membrane and “HS”. The supernatant 
fluids from the control flasks were handled 
in an identical manner and 2 new^ control 
cultures set up. Flasks of the first subculture 
group were maintained 20 days with changes 
of the supernatant fluids at 4-day intervals. 

The second subcultures were inoculated 
with material removed from the first sub- 
cultures on the eighth day of incubation. The 
supernatant fluids from the latter were pooled 
and centrifuged, diluted 10-^ in isotonic phos- 
phate buffer and added in a volume of 0.1 cc 
to each flask containing newly prepared 
tissue. The second subculture flasks were 
incubated for 12 days, with change of the 
supernatant fluids every 4 days, ^ 

' (2) Cnltivation of Influenza A virus. Cul- 


tures prepared wdth minced amniotic mem- 
brane, chorioallantoic membrane or brain were 
inoculated w^th 0.1 cc of infected allantoic 
fluid containing the PR8 strain of Influenza 
A virus diluted 1(F~ in isotonic phosphate 
buffer. In one experiment, flasks of each 
type of tissue w^re inoculated immediately 
after they w^re prepared, w’hile to others the 
virus w^as added only after an interval of 6 
days. In another experiment the virus was 
introduced 4 days after the cultures had been 
prepared and the supernatant fluid changed 
once. At various intervals, usually each day, 
0.5 cc of the supernatant fluid was removed 
and replaced with the same volume of fresh 
The concentration of hemagglutinin 
in each specimen of fluid was determined. 

I^esuifs. ^ 1. Mumps virus. The results 
of the hemagglutinin and infectivity titrations 
carried out on the supernatant fluids removed 
from the tissue cultures are sumrnarized in 
Fig. 1. 

From these data it is evident that the 
mumps virus rapidly increases in cultures of 
this type. The original cultures w’ere 
inoculated wdth 0.2 cc of diluted stock virus 
having a calculated ID50 titer for egg embryos 
of 10'®'®; thirty-tw’o da3^s later the ID^-jo titer 
of the pooled supernatant from the second 
subculture was 10'^*“. Not taking into ac- 
count the quantity of virus discarded in the 
supernatants and assuming that each routine 
addition of nutrient fluid resulted in a 1:15 
dilution of the virus, it may be calculated from 
the data included In Fig. 1 that an increase 
of the order of 1.3 X 10^" occurred in the 
egg infectivity titer. Likewdse, during the 
experimental period an increase in the hemag- 
glutinin titer of the order of 3.3 X 10^^ 
occurred. 

Active tissue grow^th of apparent^ the same 
degree w'as obsen'^ed in all flasks irrespective 
of W’hether or not the virus had been inocu- 
lated. About the 6th to 8th day of cultiva- 
tion free-floating, thin-w’alled C 3 ’st-Iike struc- 
tures became numerous in the cultures of 
amniotic membrane. The C3'St-Jike forms 
w^ere no longer apparent after the 20th da 3 '. 
Between the 12th and 1 6th day, fixation of 
some of the tissue fragments to the bottom of 
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the flask was noted. These could be seen 
under low magnification to be surrounded by 
a zone of proliferating cells. In the cultures 
maintained 32 days there was an apparent 
decrease in the rate of growth after the 28th 
day; at this time many of the fragments 
previously adherent to the glass became loose 
and floated in the fluid. 

morphologic evidence of growth was ac- 
companied by a fall in pH. Thus, during 
the 4-day interval between the changes of 
nutrient fluid, the pH, as estimated colori- 
metrically, fell from 7.6-7. 7 to 6.9-7. 1. 
This shift occurred throughout each 4-day 
period until the 28th day of cultivation in the 
original series. Thereafter, coincident with 
the apparent decrease in the rate of growth, 
the pH did not go below 7.3~7,5. 

2. Influenza virus. The results with 3 
different series of cultures have shown that 
the PR8 strain of Influenza A virus multiplies 
rapidly in the type of tissue culture employed 
as indicated by the early appearance and 
subsequent increase of hemagglutinin in the 
supernatant fluid. Thus in one experiment in 
which freshly prepared cultures of allantoic 
membrane, amniotic membrane and brain were 
employed, the geometric mean hemagglutinin 
titers after 72 hour^ of 2 cultures of each kind 
of tissue w'ere 91,6, and 32 respectivel 3 ^ Since 
the hemagglutinin titer of the virus inoculum 
was 512 and the dilution factor 3000, it can 
be calculated that the concentration of hem- 
agglutinin during the period of cultivation had 
increased 535 times in the cultures of allan- 
toic membrane, and 188 X and 35 X re- 
spectiveW in those of brain and amniotic 
membrane. The comparatively low titer ob- 
tained with the cultures of amniotic mem- 
brane should not be regarded as evidence 
for the failure of the virus to multiply as 
actively in this tissue, since in other experi- 
ments the amount of hemagglutinin produced 
was equivalent to that encountered in cul- 
tures of allantoic membrane and brain. In 
this instance the fact that relatively small 
amounts of amniotic tissue were employed 
probably was responsible for the low yield of 
hemagglutinin. It is of interest to obser\^e 
that the embr.vonic brain tissue supported 


the multiplication of the virus almost as well 
as the allantoic membrane. Whereas neuro- 
tropic strains of influenza virus have been 
developed by Stuart-Harris and others'^*'* it 
is generally held that the PR8 strain has no 
affinity for nervous tissue. 

Similar results w^ere obtained in respect to 
the increase in hemagglutinin in tissue cul- 
tures ivhich had been maintained for 4 or 
6 days before the virus w^as inoculated. On 
the whohj however, the titers w^ere somewhat 
lower. For example, 72 hours after inocula- 
tion of the virus, the geometric mean titers 
of two cultures of each of the 3 kinds of tissue 
were 8, 11, and 6 for allantoic membrane, 
amniotic membrane and brain respectively. 
These cultures had been prepared 6 da 3 ’^s 
. before the virus w^as added. Similarly in cul- 
tures of allantoic membrane prepared 4 days 
before inoculation the mean hemagglutinin 
titer did not exceed 16 after 72 hours. 

Determinations of hemagglutinin titers at 
12, 16, 20, 24, 48 and 72 hours and at certain 
intervals thereafter showed that the maxi- 
mum production was attained between the 
2nd and 3rd day. The hemagglutinin was 
present, however, in low concentration as 
early as 16 hours. By removing on the 4 th 
day following inoculation all the supernatant 
fluid and replenishing with fresh material, it 
was found that thereafter a slow increase in 
hemagglutinin may gradually occur. But the 
titer attained did not exceed 2 even after 
an inter\^al of 10 days and this was observed 
only in a series of cultures that were inocu- 
lated with the virus immediately after their 
preparation. 

Discussion. It has been demonstrated that 
an egg-adapted strain of mumps virus multi- 
plies actively in tissue cultures consisting of 
fragments of amniotic membrane of the chick 
embrj^o suspended in a mixture of ox serum 
ultrafiltrate and balanced salt solution. In 

•i Stuart’Harris, C. H., Lancet, 193P, 1, 497, 

& Francis, T., Jr., and Moore, A. E., Exp. 
3Icd., 1940, 72, 717. 

CHcnle, G., and Henle, IV., Science, 1944 100 
410. * 

* Vilches, A., and Hirst, G. K., J. Immun., 1947, 
57, 125. 
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this medium its multiplication is sufficient to' 
produce measurable quantities of hemagglu- 
tinin in the supernatant fluid even when small 
inocula are employed. It is therefore pos- 
sible within certain limits to estimate ^^ith 
ease the capacity of the virus to multiply 
under these conditions. It has also been 
determined that Influenza A virus (PRS 
strain) increases in this type of medium to a 
level at which its hemagglutinating property 
can also be readil}^ assayed. 

The development of measurable amounts 
of hemagglutinin in tissue cultures is of sig- 
nificancej since it provides a swift and con- 
venient means of following the rate and de- 
gree of multiplication of the mumps and in- 
fluenza viruses in a system which, compared 
with a medium such as the chick embryo or 
the mousej is far less complex. The technic, 
therefore, might be applied profitably to the 
study of many problems, for example, the 


effect of various chemical compounds in ac- 
celerating or inhibiting the growth of these 
viruses. 

It is noteworthy that the rate of multi- 
plication of influenza A virus was found to 
be much more rapid than that of mumps. 
This difference has been previously observed 
in experiments with infected chick embryos 
and would seem, as Ginsberg, Goebel and 
Horsfall® have indicated, to reflect a basic 
difference in the biologic properties of the two 
agents. 

Cohc/us/o//s, 1. An egg-adapted strain of 
mumps virus has been cultivated in suspended 
cell tissue cultures. 2. In such media the 
mumps virus as w’elJ as Influenza A virus 
(PRS strain) produce measurable quantities 
of hemagglutinin. 

s Ginsberg, H. S., Goebel, W. P., and Horsfall, 
P. L., J. Exp. Med., 1948, 87, 385. 
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That the young rat requires an adequate 
dietary intake of magnesium for normal life 
processes was first established by Kruse, 
Orent, and McCollum.^ As showm by Tufts 
and Greenberg, two phases seem to be ob- 
served in magnesium deficiency in young 
rats.- The first is marked by vasodilatation, 
hjqiereinia, and M^perexcitability. The sec- 
ond phase is characterized by nutritive failure, 
cachexia, and kidney damage. There have 
been controversial reports as to the patho- 
logical involvement of the skin in magnesium 
deficiency in rats. Kruse and his co-w^orkers 
reported definite trophic changes in the skin 
and nails of young animals on a diet deficient 
in magnesium. Likewise, other workers re- 
ported skin lesions in animals deprived of 
magnesium.-" On the contrary Tufts and 
Greenberg and others did not observe dis- 


turbances in the skin of young animals raised 
on diets deficient in magnesium Greenberg 
suggested that the trophic conditions observed 
by several workers were due to the experi- 
mental animals not receiving various con- 
stituents of the vitamin B complex in sufficient 
quantities.*^ 

* Aided hy a grant from the Dow Chemical 
Company, Freeport, Texas, through tlie Texas 
A & M Research Foundation. 

1 Kruse, H. P., Orent, K. R., and 
E. V., J. Biol. Chem., 1932, 90, 519. 

Tufts, E. V., and Greenberg, D. M., J. Biol. 
Chem., 1938, 122, 093. 

3 Watchorn, E., and J\IcCnnce, K. A., Biochem., 
J., 1937, SI, 1379. 

^Shrader, G. A., Prickett, C. O., and Salmon, 
W. D., J. Xvtrition, 1937, 14, S5. 

3 Brookfield, R. Brit. Med. J,, 1934, i, S4S. 
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TABLE I. 



Effect of Magnesium on 

the Weights of Sexually Mature Bats. 

Dietary 

treatment 

E’o. of animals Initial wt 

Pinal wt 

Gain per wk 

Mg 


g 

g 

g 


3 

156 

337* 

13.9 

3 

147 

249 

7.7 


3 

311 

3851 

14.2 

8 

311 

346 

7.0 


4 

215 

283t 

13.6 

7 

209 

245 

7.0 


* "Weiglit after a period of S weeks, 
i Weight after a period of 5 weeks. 


‘ Though the manifestations of magnesium 
deficiency in the young rat have been well 
established, the specific effect of magnesium 
deprivation in the older rat is still question- 
able. The experiments reported here were 
designed to determine the effect of insufficient 
dietary magnesium on sexually mature rats. 

Expermental. The composition of the 
diets used has been reported in a previous 
paper.® The magnesium low diet contained 
less than 1.0 mg of magnesium per 100 g, 
while the control diets contained approxi- 
mately 30 mg per 100 g. Three different 
series of rats were used with average begin- 
ning weights of 152, 311, and 212 g respec- 
tively. 

Vasodilatation and hyperemia were not out- 
standing symptoms in the sexually mature 
rats on the magnesium-deficient diet. In 
several animals none was observed at all, but 
in most instances these symptoms made their 
appearances 14 to 19 days following the start 
of the experiment. The vividness of the red 
color of the ears and extremities during this 
period was not pronounced, but the slight 
reddening of these areas was easily detected 
and usually was observed for 5 to 6 days with 
a gradual fading towards the end of this 
period. This increased length of time before 
vasodilatation and hyperemia could be ob- 
served and the lack of marked vasodilatation 
are differences between the young animals 

0 Cramer, W., Lancet, 1932, 223, 174. 

7 Greenberg, D. M., Ann. Biochem., 1939, 
8, 269. 

SKunkel, H. 0., and Pearson, P, B., Arch, Bio- 
chcm.y 194S, 18, 461. 


and the sexually mature animals. It has been 
shown that young rats on a magnesium- 
deficient diet show vivid reddening of the ears 
and extremities within 3 to 5 days after being 
restricted to the deficient diet. 

The animals on the magnesium-deficient 
diet showed only a slight degree of nervous- 
ness and apprehensiveness during the period 
of vasodilatation and hyperemia, but increased 
nervousness was noticed 4 to 7 days after 
vasodilatation had subsided. No cases of 
spontaneous convulsions were observed. 

Significant differences in the average weight 
gains of the experimental and control animals 
were noted as early as the second week. By 
the end of the 5th week the control animals 
had an average gain of almost twice that of 
the experimental animals. After 8 weeks on 
the regimens for the first series and 5 weeks 
for the second and third series some of the 
animals on the deficient diet %vere transferred 
to the magnesium-supplemented diet. These 
animals showed an immediate response in 
rate of gain in weight while those on the 
deficient diet made only slight gains or lost 
weight. 

After approximately 3 weeks on the experi- 
mental diets, edema was observed in the nasal 
regions of the animals on the deficient diet. 
The hair became sticky, stiff, and lusterless. 
Occasionally a sticky, reddish exudate w^as 
seen on the feet, noses and ears. Erythema- 
tous changes in the skin began to appear 
between the 23rd and 28th day after the 
experiment had started. The erythematous 
changes were characterized by small circular 
areas on the dorsum of the back or neck in 
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this medium its multiplication is sufficient to 
produce measurable quantities of hemagglu- 
tinin in the supernatant fluid even when small 
inocula are employed. It is therefore pos- 
,sible wdthin certain limits to estimate with 
ease the capacity of the virus to multiply 
under these conditions. It has also been 
determined that Influenza A virus (PRS 
strain) increases in this type of medium to a 
level at which its hemagglutinating property 
can also be readily assaj'^ed. 

The development of measurable amounts 
of hemagglutinin in tissue cultures is of sig- 
nificance, since it provides a swift and con- 
venient means of following the rate and de- 
gree of multiplication of the mumps and in- 
fluenza viruses in a system which, compared 
with a medium such as the chick embryo or 
the mouse, is far less complex. The technic, 
therefore, might be applied profitably to the 
study of many problems, for example, the 


effect of various chemical compounds in ac- 
celerating or inhibiting the growtli of these 
viruses.. 

It is noteworthy that the rate of multi- 
plication of influenza A virus was found to 
be much more rapid than that of mumps. 
This difference has been previously observed 
in experiments with infected chick embryos 
and would seem, as Ginsberg, Goebel and 
Horsfall® have indicated, to reflect a basic 
difference in the biologic properties of the two 
agents. 

Couchiswns, 1, An egg-adapted strain of 
mumps virus has been cultivated in suspended 
cell tissue cultures. 2. In such media the 
mumps virus as well as Influenza A virus 
(PRS strain) produce measurable quantities 
of hemagglutinin. 

8 Ginsberg, H. S., Goebel, AV. P., and Horsfall, 
P. L., /. Meet, 1948, S7, 385. 
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That the young rat requires an adequate 
dietary intake of magnesium for normal life 
processes was first established by Kruse, 
Orent, and McCollum.^ As shown b}’’ Tufts 
and Greenberg, two phases seem to be ob- 
served in magnesium deficiency in young 
rats.- The first is marked by vasodilatation, 
h>T 3 eremia, and hyperexcitability. The sec- 
ond phase is characterized by nutritive failure, 
cachexia, and kidney damage. There have 
been controversial reports as to the patho- 
logical involvement of the skin in magnesium 
deficiency in rats. Kruse and his co-workers 
reported definite trophic changes in the skin 
and nails of young animals on a diet deficient 
in magnesium. Likew’ise, other workers re- 
ported skin lesions in animals deprived of 
magnesium^'-* On the contrary, Tufts and 
Greenberg and others did not observe dis- 


turbances in the skin of j^oung animals raised 
on diets deficient in magnesium.^*'® Greenberg 
suggested that the trophic conditions observed 
b}^ several workers were due to the experi- 
mental animals not receiving various con- 
stituents of the vitamin B complex in sufficient 
quantities." 

* Aided by a grant from tlie Dow Chemical 
Company, Preeport, Texas, through the Texas 
A & M Research Foundation. 

1 Kruse, H. D., Orent, P. K, und ^IcCollum, 
E. A^., J. Biol. Chem., 1932, 00, 510. 

2 Tufts, E. A^., and Greenberg, D. 31., J. Biot 
Chem., 1938, 122, 693. 

3 IVatchoru, E., and McCancCf I?. A., Biochcm., 
J., 1937, 31, 1379. 

4 Shrader, G. A., Prickett, C. 0., and Salmon, 
AA’. D., tl. Xuirition, 1937, 1*1, 85. 

/I Brookfield, E. AA^., Brit Meet J,, 3934, l, $ 4 $, 
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these points and suggested that the use of 
the dilute (12.5fo) plasma prothrombin time 
determination was preferred in attempting to 
evaluate any such changes in man. On the 
other hand, Poindexter and iMeyers^ found 
that oral administration of aminophyllin to a 
series of 10 patients had no effect on the 
plasma prothrombin time. Breytspraak and 
Greenspan/ in a small series of cases, found 
that oral and intravenous administration of 
aminophyllin produced no significant changes 
in the prothrombin time. Gilbert, Dey, and 
Trump*"' performed a series of experiments on 
both patients and animals and found no alter- 
ation in the clotting times, dilute and 100% 
plasma prothrombin times, or in the response 
to intravenous injection of heparin following 
the administration of xanthine drugs. 

MatcrlaL A single intravenous injection 
of aminophyllin was given to 18 patients on 
the ^Yards of the hospital. None had any 
liver disease or disorder of the blood-forming 
organs and in no case were drugs being taken 
which are known to affect the clotting of the 
blood. Following a control determination of 
clotting and prothrombin times, each subject 
was given 0.48 g of aminophyllin by intra- 
venous injection over a 10-minute period. 
Clotting and prothrombin times were deter- 
mined 30 minutes and one hour after com- 
pleting the injection. Moderate tachycardia 
and diuresis were noted in most cases, but 
there were no other effects. 

It is possible that aminophyllin has a slower 
action on blood clotting than would be de- 
tected following a single intravenous injection. 
Accordingly, a second group of 12 patients 
was studied to observe a more prolonged 
action of aminophyllin on blood coagulation. 
As in the first group, none of these patients 
had disease affecting the clotting of the blood 
nor were any taking drugs with known throm- 
boplastic action. 

Following an initial determination of clot- 

3 Poindexter, C. A., and Meyers, L., Quarterly 
Dull Xorthwestcni Unh\ Jled, School, 194C, 20, 
130. 

'i Breytspraak, K. IV., and Greenspan, F. S., 
Am. tT. Med. Sci., 1940, 212, 47C. 

r» Gilbert, X. C., Bey, F. L., and Trump, R. A., 
J. Lab. and Clin. Med., 1947, 32, 28. 


ting and prothrombin times, each patient was 
given 0.2 g of aminophyllin, by mouth, 4 
times a day for 7 days. Two patients ivere 
given plain aminophyllin tablets, but because 
of nausea the remaining 10 patients took an 
enteric-coated preparation. At the end of the 
period of administration, a second determina- 
tion of clotting and prothrombin times was 
done. With the enteric-coated preparations 
no ill effects were noted. Three patients, who 
had angina pectoris due to coronary insuffi- 
cienc}'*, obtained marked symptomatic relief 
while taking the aminophyllin. 

Mct/iods. These are described at length 
because strict attention to technical detail is 
essential to obtain accurate and consistent 
results. The clotting time was determined by 
a modification of the Lee-White method.^ 
The equipment consisted of three 75 X 10 
mm tubes in a water bath maintained at a 
constant temperature of 36 to 39 °C. These 
tubes were cleaned chemically, rinsed in dis- 
tilled water, and oven-dried before being used. 
Venous blood was obtained with as little 
trauma as possible and was collected in a dry 
syringe. The tourniquet was released before 
withdrawal of the blood. The stopwatch was 
started when one-half the required amount 
of blood had been withdrawn. One cc of this 
venous blood was placed into each of the 3 
tubes. At 3 minutes the first tube was tilted 
and this procedure was repeated every 30 
seconds until the tube could be tilted to the 
horizontal without having the blood flow donm 
the side. At that time the second tube was 
similarly tilted and finally the third tube. 
The end point was considered to be that point 
at which the third tube could be tilted to the 
horizontal without any flow of blood. 

The prothrombin time was determined by 
a slight alteration in the Link-Shapiro modi- 
fication of Quick’s method." Five cc of 
venous blood was collected into a chemically 
clean test tube containing 0.01 g of solid 
potassium oxalate. After mixing, this sample 
was centrifuged and the plasma pipetted off 
and placed in a 75 X 10 mm test tube. Fifty 

cLee, R. I., and IVliite, P. B., Avi. J. Med. Sex, 
1913, 49o. 

7 Siiapiro, S., 'Exy. Med. and Siirg., 1944, 2, 103. 



130 


Aminophyllin and Blood Coagulation 


most of the animals. This skin condition 
appeared to become progressiveh’* worse with 
time, and erythema was noticed around the 
scrotal area in the males, on the abdomen, 
and on the sides and under the jaws of ani- 
mals of both sexes, Following the er 3 ^thema, 
purpiiral skin hemorrhages were observed in 
the areas which had shorni erythema. Exten- 
sive eschar formation followed the purpura. 
Usually the eschars were hard and dry, and 
the escharotic tissue was confined to small 
circumscribed areas. Exfoliation followed the 
escharotic stage, and there was a loss of hair 
around the areas previously occupied by the 
eschars. In some cases, ulceration followed 
exfoliation. When this occurred eschars were 
usually reformed, and exfoliation generally 
followed. 

Those animals- that were transferred to the 
control diet showed rapid improvement and 
recovery from the skin lesions. In cases 
where eschars were present, exfoliation and 
healing took place rapidl}^ Denuded areas 


began to show hair growth in 7 to 10 days, 
and these areas could not be detected at the 
close'of the experimental period without close 
examination which would reveal numerous 
short hairs. Edema subsided within a week 
after the animals received the increased 
dietary magnesium, and the animals appeared 
in good condition b}’' the close of the experi- 
ment. 

Summary^ Sexually mature rats main- 
tained on a magnesium-deficient diet develop 
lesions of the skin characterized b}'- erythema, 
purpural hemorrhages and eschars. The addi- 
tion of magnesium to the diet results in recov- 
from the skin lesions. Other symptoms 
observed are essentially the same as in the 
immature animal deprived of magnesium. 
The increased length of time before the ap- 
pearance of symptoms in older animals prob- 
ably reflects increased bod}'' stores of mag- 
nesium with an increment in the time required 
to deplete the tissues of this element. 
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Effect of Ammophyllin on the Coagulation of Human Blood.^ 

David W. Blood and Mykon C. Patterson. (Introduced by Robert L. Levy.) 
Frojii the Departmejii of jUedicinCj Columbia University College of Physicians and Surgeons^ 
and the Medical Service of the Presbyterian Hospital, New Tori: City. 


Aminophyllin ( theophyllin-ethyienediam- 
ine) is commonly used in the treatment of 
patients with heart disease, particularly when 
the coronary arteries are involved. Recently, 
emphasis has been put on the importance of 
intravascular coagulation of the blood on the 
course and prognosis following coronary 
occlusion. Observations have been published 
ascribing to aminophyllin a thromboplastic 
action. Because of the serious therapeutic 
implications of this finding, 'if confirmed, the 

♦This study w.ns aided by a grant from tlic 
Lederle Laboratories, Pearl Biver, N. Y. 

We are indebted to Dr. John W. Fortig, Pro- 
fessor of Biostatistics, Columbia University Col- 
lege of Physicians and Surgeons, for making the 
statistical analyses. 


present study was undertaken. Field, Larson, 
Spero, and Link^ in reviewing the literature, 
found that a number of authors were of the 
opinion that the methyl.xanthines had an 
accelerating action on blood coagulation. 
The\^ also reported that single oral doses of a 
number of methylxanthines produced hyper- 
prothrombinemia and a decreased sensitivity 
to the action of 3,3'-methylenebis-4-hydrox}'- 
coumarin. In view of these findings they 
believed it possible that use of these drugs 
in man might produce a tendency toward 
thrombus formation. Link- again emphasized 

1 Field, J. B., I^nrscn, F. G., Spero, L., juul Link, 
K. Pm J. Biol. Chem., 1944, loO, 7^5. 

VLiiik, K. P., Harvey Lectures, 1943 44, SO, 
led. 
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mg of desiccated rabbit lung^ was placed into 
2.5 cc of normal saline solution and stirred 
for 10 minutes in a water bath at 56 to 5S°C. 
The mixture was then cooled at 26 °C for 
1 minute. Two and one-half cc of 0.025 
molar calcium chloride were added to this 
thromboplastin suspension and the resulting 
mixture stirred- for an additional 4 minutes. 
The thromboplastin-calcium chloride mixture 
was then centrifuged for 5 minutes, the super- 
natant decanted and placed in 0.2 cc amounts 
into 75 X 10 mm test tubes. 

The actual test was performed by adding 
0.1 cc of the plasma to the 0.2 cc of thrombo- 
plastin-calcium chloride mixture and stirring 
the solution vigorously with a wire loop. The 
stop-watch was started as the first drop of 
plasma entered the thromboplastin tube. The 
end point was that time at which a firm clot 
formed across the wire loop. An identical test 
was also done using 12.5% plasma. This 
was obtained by diluting a sample of the 
plasma 1 to 8 with normal saline solution. 

The strength of the thromboplastin was 
found to vary considerably with different lots 
of the preparation and for this reason a con- 
trol plasma prothrombin time was determined 
on a normal subject at the time each patient 
was tested. In order to orient the results in 
relation to a common baseline, the prothrom- 
bin times are all expressed as the percentage 
of the normal control for a given day. Dupli- 
cate determinations were made on both undi- 
luted and 12.5% plasma, in the control as 
well as in the subject whose blood was being 
studied. 

Results. In the group given a single dose 
of 0.48 g of aminophyllin by intravenous 
injection there was no significant change in 
the clotting times. The individual and aver- 
age variations were slight. The average initial 

t Prepared by the Maltinc Company, New York. 


clotting time was 7.5 minutes. After one-half 
hour this had increased to 7.7 minutes; the 
final average was the same, indicating an 
increase in the clotting time of 0.2 minute 
(Table I). In the patients on prolonged oral 
aminophyllin intake there was also very little 
individual or average variation. The aver- 
age initial clotting time was 6,0 minutes and 
the final 7.2 minutes, indicating an increase 
of 1.2 minutes (Table II). 

In the patients who had received amino- 
phyllin by intravenous injection there %vas 
little difference in the prothrombin times 
before and after administration of the drug. 
The average initial undiluted plasma pro- 
thrombin time was 101.8%, at one-half hour 
it was 102.8%, with a final average of 
103.5%, indicating an overall increase of 
1.7%. Similar results were obtained using 
12.5% plasma. In this case the initial average 
was 96.8%, with a one-half hour average of 
97.4% and a final average of 97.2%. This 
was a final increase of 0.4%. In the group 
of patients receiving aminophyllin orally for 
one week there was again little variation in 
the prothrombin times before and after drug 
administration. The initial undiluted plasma 
determination averaged 96.0% with a final 
average of 99.9%, indicating an increase of 
3.9%. Similarly, in the determination on 
12.5% plasma the initial average was 96.4% 
and the final 98.1%; this was an increase of 
1.7%. In none of the results were the differ- 
ences statistically significant. 

Summary. Aminophyllin was given in a 
single intravenous injection to a group of 
18 patients, and orally 4 times daily for a 
week to a second group of 12 subjects. 

There were no statistically significant 
changes in the clotting time of the blood or 
in the undiluted or 12.5% (diluted) plasma 
prothrombin times following the administra- 
tion of aminophyllin. 
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TABLE I. 

Treatment of Spontaneous Mammary Cancer Mice Avitli 1\ cruzi Lvsate.i Animal Strain tlie Bagg 

Albmo.2 



Tumor 

size 

at 

start 

test 

Dosage: 
No. of 
inject, 
(subcut.) 

Total tumors 

% No effect 

% inhibition 

% Degression 

% Deaths 

Exp. 

Tost 

Control 

Test 

^ 

Control 

Test 

— ^ 
Control 

Test 

b 

Control 

Test 

Control 

A 

1 cm 
or 
less 

45 

(total 

45 u.) 

107 

80 

69 

88 

19 

8 

12 

4 

50 

30 

B 

>1 cm 

45 

(total 

45 u.) 

51 

51 

86 

88 

12 

10 

2 

0 

71 

52 

C 

1 cm 
or 
less 

53 

(total 

15 u.) 

37 

33 

24 

54 

52 

27 

24 

19 

S-t 



1 Controls treated with equivalent volume and dilution of sterile medium. 

2 Obtained from Mrs. F. 0 ^Grady, Bronx, N, Y. C. 

^ Sacrificed 48 hours after 5th injection. 

4 Sacrificed. 


lysate were given to normal mice and a variety 
of tumor-bearing mice. Only occasional evi- 
dence of liver and kidney damage was noted 
despite the fact that the average survival time 
of cancerous mice treated with T. cruzi lysate 
was less than the controls injected with sterile 
medium. 

No gross or microscopic differences in the 
treated tumor-bearing animals of the A strain 
mice (spontaneous mammary carcinoma^ and 
transplanted carcinoma No. 119t) were ob- 
served as compared with the same types of 
tumor-bearing mice treated with sterile 
medium. 

This was also true of the spontaneous mam- 
mary carcinoma larger than one cm in size 
of the Bagg-albino strain. (Table I, Experi- 
ment B.) However, in this latter strain where 
the same tumor was less than one cm in size 
there was a greater degree of inhibition in the 
treated groups as compared with the control 
groups. The per cent of these mice showing 
no effect was; controls 71%, treated 46%. 
(Combined findings of Experiments A and C, 
Table I.) This finding was not considered 
sufficiently significant to state that the lysate 
of T. cruzi exerted a specific cancerolytic 

lObtamod from Dr, Jt. J. Shear. National 
Cancer Institute, Bctlicsda, Md. 

1 Obtained from Dr. T. S. Hausobka, Lankenau 
Hospital, Philndelpliia, Fa. 


effect. However, the association of this find- 
ing with the fact that the survival time of 
the treated tumor-bearing animals was dis- 
tinctly less than that of the control tumor- 
bearing animals does indicate that the lysate 
may contain some active principle that exerts 
an effect on tumor-bearing animals, and that 
this effect was observed only in mice with 
tumors less than one cm in size. Whether or 
not this effect is a direct or indirect one is 
beyond the scope of this study. The differ- 
ences observed could not be attributed to any 
nutritional effect since 80% of the animals 
surviving the experiment showed no weight 
loss. Those which lost weight were equally 
divided between treated and control groups, 
and tumor sizes of all of these latter mice 
were approximately the same. 

In another group of Bagg-albino mice with 
spontaneous mammary carcinoma one cm or 
less, 5 dail}'' injections were given, the dose 
being increased by one unit each day. Forty- 
eight hours after the last injection, each ani- 
mal having received a total dose of 15 units, 
the mice were sacrificed. The results were 
considered comparable to those obtained in 
similar mice receiving 45 daily injections 
(See Table I). 

A large series of experiments were per- 
formed using mice of the Bagg-albino strain 
with implanted sarcoma No. 180. This tumor 
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Preparations of Lysates from Cultures of T. cruzi and Their Effects on 
Normal and Tumor-Bearing Mice. 


David M . Spain, Norman jNIolomut, and Leon J. Warshaav. 
(Introduced by A, F. Coca.) 

From the WaJdemar FCedical Research Fotaidaiiony FrooUyn, X, r. 


Kl 3 ^ueva and Roskin^'^ have reported the 
production of an extract of T, cruzi which 
had a specific cancerolytic effect on experi- 
mental tumors in mice. Attempts to confirm 
these findings were unsuccessful.^’'^-^ The 
present report is a su mniarj^ of experiments 
done in an attempt to verify the findings of 
the Soviet investigators employing a whole 
culture lysate. 

Materials and Methods. T- cruzi cultiva- 
tion and preparation of T. cruzi extracts: 
Cultures* were grown on NNN agar with an 
overlay of T 3 TOde’s solution and incubated 
at 24°-2S°C. At the height of growth, the 
concentration of organisms was determined 
as follows: A 4 mm loopful of , culture was 
examined at 250X magnification. Fifty fields 
were examined and the average number of 
organisms per field divided by two repre- 
sented the concentration of organisms in mil- 
lions per ml. (Repeated comparisons with 
hemocytometer counts confirmed the relia- 
bility of this method,) DHutions were based 
on umtSj one unit representing one million 
organisms. 

The cultures were diluted with distilled 
water and metaphen (Abbot) so that each ml 
contained 4 units of T. cruzi lysate and meta- 
phen in a concentration of 1:10,000. After 

iSliimkin, MichaDl B., Surgeon, U. S. Public 
Health Serricc, personal commiuiication, 194:7. 

-Klyueva, N. G., Am, Fev, Soviet Med,, IV, 
June, 1947, p. 40S. 

3 Hausclika, T., Saxe, L, H., Jr., and Blair, M., 

J. Xat, Cancer Inst., 1947, 7, No. 4, 

4Hauschka, T., and Goodwin, jNX. Blair, Science, 
1945, 107, 600. 

Colicn, A. It., Borsook, H., and Dubnoff, J. VT., 
Pkoc. Soc. Exp. Bion. .\np AIed., 1947, 00, 40. 

♦ Obtained from Hr. H. Soule, University of 
Michigan, and designated us and by the Na- 
tional Inst, of Health, Tropical Disease Dinsion, 

IS the ‘'Soule'^ or strain. 


Storage at S'* C for 24 hours, the trjpanosomes 
were found to have undergone l 3 "sis. This 
was confirmed by^ microscopic study^ of the 
diluted culture which was also examined 'for 
sterility. The culture ly^sates were stored at 
“20‘’C until used, except for one experiment 
in which they'' were kept at g°C. None were 
kept more than 6 days. If not used in this 
period, the lysate was discarded. 

Treatment. These lysates were injected 
into mice of varying strains and bearing sev- 
eral ty^pes of tumors. The injections were 
always given subcutaneously at a site as far 
from the tumor as possible. The mice were 
housed in individual jars and fed a prepared 
complete pellet diet. 

The control animals received injections of 
sterile medium diluted with the same amount 
of distilled water and metaphen as the lysates. 
The number of injections and amounts of 
solution injected were the same for the control 
and treated groups. 

The following observations were recorded: 

(a) Body weight twice weekly^ 

(b) Tumor size 3 times W'eekly. (Two 
diameters were measured by'' calipers and a 
drawing representing the area of the tumor 
was made on the individual records main- 
tained for each mouse.) 

(c) Any'' change in the tumor or in the 
general condition of the animal was noted. 

(d) At necropsy" when the animal died or 
was sacrificed, gross and microscopic examina- 
tions of the tumor, liver, kidney, intestine, 
and heart were made. (Zenkers fi.xation — 
H. and E. stain.) 

(e) Stool culture studies were made on 
the Bagg-albino strain of mice used to control 
subclinical enteric infections. No infections 
were found throughout the entire series. 

Findings, To determine the presence of 
any toxic factors, injections of the T. cruzi 
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inflammation. 

After many unsuccessful attempts at grow- 
ing strains of the fibroma virus in tissue 
culture, Faulkner and Andrewes^ finally suc- 
ceeded in adapting the lA strain to growth in 
cultures of rabbit testis. 

Paschen,® was unable to maintain the lA 
strain on the chorioallantoic membrane for 
more than one passage, although the OA 
strain was still present after 5 passages. 
However methods and findings are not given 
in any detail. 

Experimental. Methods. The strain oj 
virus employed in most of our experiments 
was the OA, or tumor-producing strain, ob- 
tained from Dr. R. E. Shope as glycerinated 
rabbit testicle. The lA strain was used similar- 
ly in the form of glycerinated rabbit testicle. 
Titrations were carried out by grinding a 
weighed piece of tissue with sand in a mortar 
and adding sufficient cold veal infusion broth 
or saline to make a 10% suspension. Further 
tenfold dilutions were then made in cold 
broth, and inoculated subcutaneously in a 
rabbit in 1.0 cc amounts, no more than 9 
tests being carried out in any one animal. 
The rabbits were observed for appearance of 
subcutaneous tumors at the site of inocula- 
tion. N eiitraUzatio7i tests were carried out 
according to Shope’s^ method, i.e. a mixture 
of 1 cc of serum and 1 cc of infection suspen- 
sion was incubated at for 1 hour, stored 
for 2 hours in the refrigerator, then injected 
in 1 cc amounts into the subcutaneous tissue 
of a rabbit, together with appropriate controls 
in the same rabbit. 

Rcsidts. Adaptation oj the Virus to Eggs. 
The stored glycerinated testicle virus was 
well washed in cold saline, then ground with 
sand and saline to make a heavy suspension, 
which w^as used to infect a fresh rabbit, 0.5 
cc being inoculated into each testicle. Seven 
days later, when scrotal and testicular edema 
were pronounced, the animal was killed, small 
pieces of testicle were ground with sand and 


5 Faulkner, G. II., and Andrcvrcs, C. H., Brit. J. 
Exp. Bath., 1935, 10, 271. 

<5 Pascken, E,, Zcnt. Balct.y 1936, 1G8, 1. 
r SUope, It. E., J. Exp. Mcd.y 1932, 50, 803. 


sufficient cold saline to make a 1% suspen- 
sion by weight. After this suspension had 
been allowed to settle for about an hour in " 
the refrigerator, 0.1 cc of the suspension was 
dropped onto the chorioallantoic membrane 
of 4 12-day -old eggs and was also cultured on 
a blood agar slant. Three days later, after 
incubation at 35°C, the membranes were 
harvested, ground lightly in a pyrex glass 
grinder, together with 4 cc of saline per mem- 
brane. After standing for half an hour the 
supernatant of this suspension was used as 
inoculum for a new set of eggs. Passages 
were made in this fashion at regular 3-day 
intervals. The membrane suspension from 
the 7 th egg passage produced typical fibroma 
in a rabbit. The egg passage virus having 
unfortunately become contaminated at the 
8th passage, the testicle from the rabbit in- 
jected with 7th passage egg membrane sus- 
pension was used as a source of virus. The 
virus was then maintained in eggs for 18 
consecutive passages without mishap. In 
this second series membranes of the 1st, 5th, 
10th, 14 th, ISth and 18th passages were 
found to be infectious for rabbits. 

Numerous attempts were made to adapt 
the virus to growth on the chorioallantoic 
membrane. In each case where virus from 
fresh tissues was employed it multiplied in 
the egg. However glycerinated virus did not 
always establish itself. In some cases the 
virus passage was discontinued after only 3 
or 4 transfers, in others it was carried 
through 10 or 12 transfers. It was found 
that the size of the inoculum could be varied 
between 0.1 and 0.35 cc, the membranes 
could be ground in physiological saline, saline 
buffered with phosphate, veal infusion broth, 
or even egg fluid, though the latter was less 
satisfactory. It was, however, found necessary 
to make passages quite regularly at 3-day 
intervals. The titer of virus was lower on the 
2nd and 4th days than on the 3rd, so that 
passage at 4-day intervals resulted in loss of 
the virus within 2 to 3 passages. Eggs which 
had been incubated for 11 days prior to 
inoculation sustained the growth of virus 
most satisfactorily, regularly yielding mem- 
branes which were infectious for rabbits when 
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proved to be completely unreliable^ both con- 
trols and treated animals showing a high 
percentage of complete regressions. Of a 
group of 27 mice which received no injections, 
19 ' showed complete disappearance of the 
implanted tumor after the tumor had reached 
a size of one cm in largest diameter. 

These results do not confirm those of 
Ktyueva and Roskin as given in the frag- 
mentary reports available to us. At no time 
did we have detailed information regarding 
their methods of T. cnfzr cultivation and 
lysate preparation. It is possible that the 
discrepancy may be due to differences in the 
ultimate nature of the l3^sate. 

Summary. 1. No inhibition of tumors was 
noted in Bagg-albino strain mice with spon- 
taneous mammary carcinonm o\'er one cm in 
size when treated with -whole culture h^sate of 
T. cruzt; on the other hand in the same mouse 
strain with tumors under one cm in size a 


degree of inhibition was noted which war- 
rants closer stud\\ 

2. The inhibition noted could not be attrib- 
uted to malnutrition effects or concurrent 
bacterial infections. 

3. No inhibition was noted in tumor-bearing 
strain mice (spontaneous mammary car- 
cinoma; transplanted carcinoma No. 119) 
when treated with T. cruz/ whole culture 
lysates, 

4. Survival time of treated tumor-bearing 
mice was less tlian that of control treated 
animals. 

5. A simple method is given for a repro- 
ducible preparation of T. cruzi b^sates. 

TJie authors gratefully acknowledge the assist- 
ance of Alvin Haber, histologist; Leona Caroline; 
microbiologist; Doris Koopman, Estelle Goldman 
and Ann Voltinan, student assistants from An- 
tioch College. 
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Propagation of Rabbit Fibi-oma Virus in the Embryonated Egg."* 
Margaret H. D. Smith. (Introduced by R. E. Shape.) 

From the Department of Animal and Plant Pathology, The Pockcfcllcr Insiitvte for Medical 

Jiesearcli, Princeton, N. J. 


In view of the theoretical interest attached 
to the relationship of viruses to neoplasms/ 
it seems worth while to report the adaptation 
to growth in the embryonated egg of a virus 
which, if it does not cause a true tumor, is 
at least the etiologic agent of a closely re- 
lated tumor-like condition. Adaptation of 
such a virus to a different and relatively simple 
experimental host such as the developing 
chick embryo may provide a means of study- 
ing the virus-tumor relationship. In fact the 
earliest use of the chick embryo in the study 
of viruses was for just this purpose, when 


* Part of work reported iicro vas carried oiit 
ivIiUe the autlior was a Katioaal Kcsearcli Council 

Fodow- in the Medical Sciences. 

iBons, P., Bull. AVw Borl- Acad. Med-, lOii, 


23, 65. 


Murphy and Rous obtained growth of a 
fowl sarcoma on inoculating into the chick 
embryo either minced tumor tissue or a Berke- 
feld filtrate of such tissue.- The virus studied 
here is that of rabbit fibroma isolated by 
Shope^ from a growth on the foot of a wild 
rabbit. Passed since then in series through 
domestic rabbits, one strain (tlie so-called ' 
OA strain) has maintained its abiliU' to pro- 
duce tumors on subcutaneous or in tra testicu- 
lar inoculation. From this original strain 
there arose a variant (the so-called lA strain 
described b}^ Andrews’*) which had lost the 
ability to produce tumors and caused only 

2 Murphy, J. B., and Bous, P., Med, 

1912, 13, 119. 

3 Shope, K. E., J. Pxp. Ifcd.f 103C, 3C, 703. 

** Andrewes, C. H*, dtrd., 2030, 157. 
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were tested for hemagglutination against red 
cells from the chicken, duck, mouse, guinea 
pig, rabbit, horse and sheep; but the mem- 
branes from infected eggs produced hemag- 
glutination no more regularly than did those 
of the uninfected eggs used as controls. Pre- 
cipitin tests and skin tests in rabbits, using as 
antigen the allantoic fluid of infected eggs 
yielded negative findings. 

Idcntijicaiion oj the Virus Obtained npon 
Egg Passage, That the virus passed in the 
egg was actually fibroma virus was shown in 
3 ways. 

(a) Rabbits inoculated on different oc- 
casions with egg passage virus were challenged 
2 to 3 weeks later with glycerinated rabbit 
passage virus and to this they were found to 
be immune. 

(b) A rabbit was immunized by subcu- 
taneous and intratesticular inoculation of egg 
passage virus and another rabbit was similar- 
ly immunized with rabbit passage virus. Both 
were bled after 14 days and their respective 
sera used in a neutralization test against fresh 
rabbit passage virus. Both sera neutralized 
the virus, no lesion appearing where the mix- 
ture was inoculated, whereas areas injected 
with control mixtures of virus and normal 
rabbit and virus and saline displayed tumor 
formation. 

(c) A rabbit injected with 8th egg pas- 

sage fibroma virus was challenged 6 weeks 
later with a subcutaneous injection of rabbit 
passage m^^xoma virus. A control rabbit re- 
ceiving the same inoculum was dead of myx- 
oma in 10 days, whereas the rabbit which 
had previously been exposed to egg passage 
fibroma virus showed no signs of illness. In 
view of the regularity with which myxoma, 
virus causes death in normal rabbits it seems 
certain that the inoculation with egg passa<^e 
fibroma virus had protected the rabbit against 
an otherwise fatal infection with a 

phenomenon first described by Shope' in con- 
nection with rabbit fibroma. 

Growth of the I A Strain of Virus in the Egg, 
Only 2 experiments were carried out with the 
lA strain of virus. In both cases the virus 
was lost at the 4th passage, owing to bacterial 
contamination. No lesions were observed in 


the infected eggs. In the one case in which 
the virus titer w'as determined it was only 
10-- at the 3rd passage. 

Discussion, The experiments described 
here show that at least one strain (the OA 
strain) of the virus of infectious fibroma of 
rabbits can readily be propagaled on the chori- 
oallantoic membranes of the developing hen^s 
egg. Although the titers of virus obtained 
from infected membranes compared favorably 
with these from rabbit tumor tissue, the virus 
did not, in our experience, show any tendency 
to invade the embryo and ^Yas not demon- 
strable in the extra-embryonic fluids. Like- 
wise when virus propagated for a number of 
passages on the chorioallantoic membrane was 
injected into the yolk sac it rapidly disap- 
peared. It is possible that virus which had 
been subjected to a greater number of pas- 
sages on the chorioallantoic membrane might 
display greater invasiveness for the egg. 

Passage through the embryonated egg did 
not seem to alter the type of lesion for its 
original rabbit host. This finding was rather 
unexpected, in view of the fact that the virus 
did not produce in the egg the pathological 
changes \Yhich ate characteristic in the rabbit, 
f.c. intense fibroblastic proliferation with pro- 
duction of tumor-like masses and, in the wuld 
cottontail rabbit, very striking cytoplasmic 
inclusion bodies in the overlying epithelium. 
No such bodies could be found in epithelium 
covering the chorioallantoic membrane. 

Summary, 1. The virus which is the caus- 
ative agent of infectious fibroma, giving rise 
to tumor-iike nodules in rabbits, was main- 
tained by serial passage on the chorioallantoic 
membrane of the embryonated hen’s egg for 
IS consecutive passages. 

2. The titer of virus in infected chorioallan- 
toic tissue was slightly lower than the titer 
in rabbit tissues. It was maintained by using 
eggs incubated for 1 1 days prior to inoculation 
and making passages at 3-day intervals. 

3. Invasion of the embryo and extra-em- 
bryonic fluids did not take place in eggs inocu- 
lated on the choriallantoic membrane. Inocula- 
tion of the virus into the allantoic sac, the 
amnio tic sac, the yolk sac and the embryo 
itself yielded negative results. 
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diluted 10^ or by weightj The titers 
obtained with 9-day eggs were slightly lower 
and the titers with 13-day eggs approximately 
100- fold lower. 

In later passages, whenever possible con- 
tamination ivas feared, penicillin (165 units 
per egg) and streptomycin (0.0015 g per 
egg) were added’ to the membrane suspension. 

, Viability of Egg 'Passage Virus. Suspen- 
sions of membranes made up in veal infusion 
broth pH 7.3 to which 20% rabbit serum was 
added were found to withstand quick freez- 
ing with dry ice and alcohol and storage in the 
dry ice chest for at least 2 months. Suspen- 
sions in saline, in egg fluid or even in plain 
broth were often inactive on thawing. Virus 
suspensions allowed to stand overnight in 
the refrigerator showed a roughly 100-foId 
fall in titer. 

Distribution oj Virus within the Egg. On 
several occasions the embryos, yolk sacs, and 
pooled egg fluids from infected eggs were 
tested for virus by subcutaneous inoculation 
into a rabbit. Even when the chorioallantoic 
membrane suspension proved infectious to 
rabbits when diluted 10~* or 10'^, no virus 
was detectable in other part of the egg. 
Routes of Inoculation. Virus which had 
been through a number of passages on the 
chorioallantoic membrane was injected in 0.5 
cc amounts into the 3 "olk sac. Embr 3 ms and 
3 -olk sacs harvested 3 to 5 days later contained 
no demonstrable virus. 

Egcct oj Virus upon the Chick Embryo and 
Us Membranes. In view of the widespread 
lesions produced on the chorioallantoic mem- 
brane by the related myxoma virus,®*® it was 
a disappointment to And no consistent and 
recognizable effect of fibroma virus on the 
chick embryo. IMany membranes which were 

i Tumor tissue or testicle removed from a rab' 
bit at tbc height of infection, Lc. about 6 days 
after inoculation, is usually infectious when diluted 
10-^ or even 10-c. Thus the titer obtained with 
egg passage %'irus even under optimal conditions 
is^'not quite so high as in the case of rabbit passage 
virus. 

8 Lush, D., Austral ton J. Rsp. Utol. and Med. 

Sc.y 1937, 1«>, 331. ^ y 

OHaagen, E., and Du Dscheng-Hsmg, ^cutr. 

Bakt., 1938-39, 143, 23. 


shown by rabbit inoculation to contain virus 
in large amounts appeared as delicate in 
structure as membranes from normal eggs. 
On the other hand it seemed, in the course 
of adapting virus from a number of individual 
rabbits to growth in the egg, as if the strains 
derived from some rabbits showed more ten- 
dency to cause marked edema of the mem- 
brane than did other strains. Passages were 
made in parallel from edematous and from 
“non-edematous’’ membranes. Sometimes 
the edema-producing capacity would remain 
for a passage or two before fading out. Once 
it had disappeared it would not reappear in 
the course of further passages. The nature 
of this “lesion"’ is being subjected to further 
stud}^ at the present time. 

Sections of a number of membranes were 
studied histo]ogicall 3 ^ The spindle shaped 
cells with large nuclei characteristic of fibroma 
in the could not be demonstrated 

in the egg. No inclusion bodies were seen. Con- 
trary to the experience reported b}' Paschen® 
we were unable to demonstrate elemental)' 
bodies with certainty on smears stained with 
Morosow’s stain. 

The embryos of eggs infected with fibroma 
virus appeared normal. Several batches of in- 
fected eggs w^ere allowed to hatch. The chicks 
from these eggs were not tested for presence 
of virus; however, serum obtained from them 
at the age of 15 da3’'s after hatching failed 
to neutralize rabbit passage fibroma virus. 
This lack of detectable immunologic response 
may well be due to the well-known fact that 
immature animals respond poorly to antigenic 
stimuli. 

Demonstration of Presence of Virus in the 
Egg. In the absence of characteristic lesions, 
the onJ)^ means of recognizing the presence of 
virus was back-passage into the rabbit. 
Quicker methods of recognizing infection in 
the egg were tried unsuccessful!}'. The super- 
nates of infected membrane suspensions, both 
unheated and heated for 40 minutes at 70®C^- 

10 Hurst, E. W., Australian J* Biol, and 

Med. Sc.y 1938, 2U5. 

HAhJstrom, C. G., J, Path, and Hart., 1.038, 
40, 4G1. 

WXIiUs, K. C., niid Doclicz, A. 1?., Vnoc. Soc. 
Exp. Biol. aki> 3944, oT, 140. 
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TABLE I. 


Eccal Fat and Nitrogen Excretion Before and After Ciiolccystectomy. 
Means of 10>Day Tests on 8 Logs. 


Condition 

Lietary 

fat 

g/day 

Total fecal fat 
g/day 

% free fatty 
adds 

Fecal N, 
g/day 

/ 

Mean 

t-ratio^ 

/ 

Mean 

t-ratio* 

IMeaii 

t-ratio* 

Normal 

33 

2.43 



68.6 

- — 

.96 

, — 

Gbolccystcctoiny 

53 

1.9G 

.99 

82.4 

2.451 

1.09 

2.00 

j > " 

80 

2.44 

. .03 

80.9 

2.47 1 

.76 

4.13t 


* Fost-operative tests paired ^Yith normal tests, 
t Significant at 5 per cent level of probability. 
X Significant at 1 per cent level of probability. 


unspecified amounts of fat and nitrogen over 
48-hour test periods before and after chole- 
cystectomy,^ 

Accordingly, in future experimental at- 
tempts to correct steatorrhea due to complete 
bile diversion, the manner of entry of bile 
preparations into the intestine, ^Yhether in 
continuous or intermittent doses, should not 

c Bailee, G., Morgagni, 1928, 70, 835. 


alter the results. 

Clinically, these results further imply that 
bile salt replacement therapy and strict limi- 
tation of dietary fat are unnecessary as far 
as fat absorption is concerned in uncompli- 
cated cases of cholecystectomy. 

Conclusion. In 8 dogs studied both be- 
fore and after operation, cholecystectomy 
produced no significant change in the daily 
excretion of fat or nitrogen in the feces. 
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Jn vitro Antibacterial Action of Extracts from Coptis Root. 

Nai Ch’u Chang. (Introduced by Samuel H. Zia.) 

From ilxc Bepartmeiit of Bacteriology nnd Immunology, Peiping Voiion Medical College, and 

Chung Ho Hospital, Peiping. 


Recent investigations have demonstrated 
that higher plants are potential sources for 
antibiotics,^ and, specifically, extracts of cer- 
tain Chinese, medicinal plants showed bac- 
teriostatic action." In view of the great po- 
tentialities of such a finding especially in re- 
lation to the study of the nature of action 
of some of the well known Chinese drugs, a 
detailed study of the root of Coptis chiucustSj 
Franch, belonging to the family of Ranuncu- 
laceae,^ has been made in the past 7 months. 
The pres ent paper is a preliminary report of 

I Benedict, b 7^ and Langlyke, A. F., an,i. 
Pci\ Microbiol., 1047, 1, 103. 

2IBu, C. Ij., Fat, Med, J. Oihia, 1947, 33, 75. 

3 Read, B. E., Climesc Medicinal Plants from 
Pen Ta'ao Kang Mn, 193G. 


the antibiotic activity of the dilute alcohol 
extract of the coptis root against a number 
of microorganisms in vitro. 

Method oj Extraction. Samples of coptis 
root of Szechuan variety were obtained mostly 
from a well established and reputable Chinese 
pharmacy, Hsi Ho Nien Tang, Peiping, and 
some directly from Szechuan. The antibiotic 
activities of all the samples extracted with 
the method described below were found to be 
approximately the same. The macerated 
dried roots were placed in a large flask with 
10 parts of 50% alcohol, and set aside at 
room^ temperature for 24 hours. At the end 
of this period the entire suspension was boiled 
for 30 minutes and filtered while hot through 
ordinary filter paper. The clear yellowish 



Fecal Fat After 

4. Although marked edema of the chorio- 
allantoic membrane was noted in some of the 
infected, no pathognomonic lesion, gross or 
microscopic, was present, so that it was 
necessary in every instance to resort to back- 


Cholecystectomy 

passage into rabbits to demonstrate the pres- 
ence of virus. 

5. The .type of lesion produced in rabbits 
by the virus was not significantly altered by 
repeated passage in hen’s eggs. 
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Effect of Cholecystectomy on Fecal Fat Excretion in Dogsr 
J. R. HEERsarA AND J. H. Annegers. 

Fro7n the Department of Dhysiology, 'N ortlmeBtern Vniverslly Jl/c^ical ^School, Chicago, 111 


In a previous report^ it was demonstrated 
that diversion of bile from the intestine in dogs 
results in the failure of absorption of about 
60% of fat ingested in the diet. It was also 
found that oral administration of various bile 
salt preparations failed to correct this steator- 
rhea.^ One of the questions raised by these 
results concerned the possible role in fat 
absorption of the manner of entry of bile into 
the intestine. It was of interest, therefore, to 
determine whether cholecystecom}'', which con- 
verts the normal intermittent flow of concen- 
trated bile into a continuous flow of dilute 
bile into the intestine,^ would result in a defect 
in fat absorption. 

Methods, Eight normal dogs were placed 
on a daily diet of 335 g of “Pard” with 40 g 
added lard, making a total fat content of S3 
g. After two days on the diet, feces were 
collected over a 10-day period and pooled for 
analyses of total fat and free fatty acids^ 
and for nitrogen (Kjeldahl). The animals 
were then cholecystectomized and allowed 2 
w'eeks for recovery. Four animals were tlien 
replaced on the original diet w^hile the other 
4 were given a higher fat diet consisting of 
200 g ‘Tard” with 70 grams added lard 

* Supported in part by a grant from G. D. 
Scarle & Company, Cliicago, III 

iHeersma, J. B., and Annegers, J, H., Am. /. 
JPhysiol., 1948, in press. 

SHeersma, J. K., and Annegers, J. H,, Proc. 
Soc. Exp, Biol, and Med., 194$, 07, 339. 

3Puestow, C. B., Ajt/i. Surg., 1931, 1013. 

4FoTnveathor, F. S., and Anderson, W. X., 
Biochem. J., 1946, 40, 350. 


(total fat content, SO g). Feces were again 
collected over the last 10 days of a 12-day 
period, and analyzed. This procedure was 
next repeated, interchanging the diet for the 
two groups of dogs. Finally the dogs were 
sacrificed and autops}'’ revealed complete re- 
moval of the gallbladder and moderate dila- 
tion of the biliary passages. 

Residfs. The mean daily excretions of fat 
and nitrogen in the feces of S dogs both be- 
fore and after cholecj’^stectomy are presented 
in Table I. The average total fat excretion 
of 2.43 g per day compares fairly well with 
the previoush’’ reported value of 3.51 g ob- 
tained from 5-day tests on 6 dogs and dem- 
onstrated to be independent of the fat con- 
tent of the diet.^ Cholecystectomy did not 
significantly alter this rate of fat excretion. 
Following the operation the percentage of split 
fecal fat significantly increased; the meaning 
of this is obscure since further analysis showed 
that it occurred onl}^ during the first experi- 
mental period following cholecystectomy. 
Fecal nitrogen excretion was unaffected by 
cholecystectomy, although the lower 'Tard” 
content of the high fat diet resulted in dim- 
inished nitrogen excretion, due as previously 
suggested^ to the reduced content of crude 
fiber. 

jOIsa/ssioft. The present results clearly in- 
dicate tJiat there is no impairment in the ab- 
sorption of dietary fat or nitrogen subsequent 
to a change from an intermittent flow of 
concentrated bile to a continuous flow of dilute 
bile into the intestine. These result confirm 
a previous study in which 6 dogs were given 
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against a number of both Gram positive and 
Gram negative bacteria. Its lethal dose for 
albino rats has been found to be more than 
250 mg per kg body, weight. 


The author wishes to express his deep gratitude 
to Professor Samuel H. Zia for his constant ad- 
vice and helpful criticisms during this investiga- 
tion. 
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Anticoagulant Effect of Dicumarol at Various Prothrombin Levels in Dogs. 

N. Henry Moss, Richard L. Schafer, and Charles K. Kirby. 
(Introduced by I. S. Ravdin.) 

From the Garrison Department of Surgical Desearclif Schools of HedicinCf University of 
' Pennsylvania, Philadelphia. 


Since the introduction of dicumarol for 
clinical use^ there have been differences of 
opinion concerning the prothrombin reduction 
required to produce an adequate anticoagu- 
lant effect. Some investigators recommend 
that the prothrombin level be reduced to 10 
to 30% of normal.-*^'^ Others state that the 
effective therapeutic prothrombin zone lies 
between 20 and 60%;^ 35 and 50^£>^ and 50 
and 60^.” 

In 2 reported series of patients in which 
the prothrombin was reduced to 10 to 30% 
of normal, hemorrhage occurred in 5%^ and 
6%^ of the patients. Excessive hypopro- 
thrombinemia (below 10%) occurred in 10 
to 20% of patients following doses of dicu- 
marol which usually resulted in 10 to 30% 
prothrombin levels.'^ It seems probable, 
therefore, that the maintenance of higher pro- 
thrombin levels might be preferable if the 
anticoagulant effect is adequate at higher 
levels. 

Little experimental work has been done to 
clarify this problem. In the experiments 
herein reported the anticoagulant effect of 

1 Allen, E. V., Barker, N. W., and Waugh, J. M., 
J.AJLA., 1942, 120, 1009. 

2 Barker, N. W., Minnesota Med,, 1944, 27, 102, 

3 Allen, E, V., J,A,M,A,y 1947, 1S4, S23. 

Cosgriff, S. W., Cross, R. J., and Habif, B. T., 

Surg. Clin, X. Am,, April 194S, 324. 

5 Levan, J. B., Anii, Int, Med., 1940, 25, 941. 

G Peters, H. R., Guvther, J. K., and Erambel, 
C. E., J.A.M,A., 1940, IBO, 3PS. 

't Cummine, II., M. J, Australia, 1047, 34, 302. 


dicumarol at various prothrombin levels in 
dogs has been studied in order to determine 
whether there is a definite and consistent cor- 
relation between prothrombin levels and anti- 
coagulant activity. 

Method- The dogs were anesthetized with 
intravenous sodium pentobarbital, and the 
femoral artery was exposed and cannulated 
with as little trauma as possible. Thrombosis 
was produced by inserting into the femoral 
artery a sterile glass cannula 1.0 mm in 
diameter at its constricted opening. The can- 
nula widened out to a 3.5 mm diameter w^here 
it w’as connected to a mercury manometer by 
sterile rubber tubing. The entire system W'as 
filled with sterile physiological saline solution. 
Additional saline w^as introduced through a 
T side-arm in the tubing to produce a posi- 
tive pressure approximately equal to the mean 
arterial blood pressure in order to prevent 
the passage of blood into the tubing. When 
thrombosis occurred, the mercury column in 
the manometer ceased oscillating, and this was 
taken as the end-point. 

The prothrombin level of each dog w^as de- 
termined within tw^o hours of the time it was 
cannulated by the Quick method, with the 
plasma diluted 50% with normal physiological 
saline solution. A normal curve w’as plotted 
each day the experiment was performed to 
eliminate errors due to a variation in the po- 
tency of the thromboplastin. Table I ex- 
presses the prothrombin times (in seconds) of 
various percentages of normal plasma (50% 
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amber filtrate was then evaporated to dry- 
ness. The dried crude extract was yello\vish 
brown in color and very bitter in taste. Its 
aqueous solution was used for various tests 
to be described. 

Method of Assay, Series of 2-foId serial 
dilutions of the aqueous extract solution were 
made in 1% serum broth in small test tubes, 
and tubes of each series were seeded with 
one loopful of 18-hour broth culture of one 
of the many types of organisms to be tested. 
The tubes, after being shaken, were incubated 
at 37 °C and readings were made after 24 
hours incubation. The end point of bacteri- 
ostasis was taken as the highest dilution in 
which growth in the tubes was completely 
inhibited and subsequent cultures on blood 
agar plates still showed growth. Bactericidal 
power was determined b}^ the absence of 
growth on subculture on blood agar plates. 

Results. The effectiveness of the crude 
extract of the coptis root in inhibiting cul- 
tures of 26 types of bacteria is shown in 
Table I. 


TABLE I. 

LilnUition Power of the Crude Extract of the 
Coptis Boot on Bacteria. 

Max. inhibiting 

Organism dilution 


Staph, aureus (2 strains) 
Staph, citreiis (2 strains) 
Staph, aihus 
Strep, l)cta hcmolyticus 
Strep, alpha hcinoh/ticu.^ 

Strep, gamma 
C. diphiheriac 
Diphtheroid 
KlchsicUa pnexunoniac 
B. subtil is 

Micrococcus tciragt nus 
Vibrio comma 

Shigella dgsentcriac (5 strains) 
Shigella souxici 
Shigella paradyscnicriac 
Br. abortus 
Br. in el it €7t sis 
Ehcrthclla typhosa 

moi 

0901 

S. paratyphi 
S. schoitmucUci'i 
S. enter Hid is 
B. eoU 

Proteus ON JO 
Bscudomonas pyocyu ca 
Scr ratio inarce.^ccus 


1:3200 -1:6400 
1:6400 -1:12800 
1:12800 
1:3200 
1:3200 
1:3200 

1:3200 -1:6400 
1:3200 
1:1000 
1;G400 
1:12800 
1:3200 

1:400 -1:12800 

1:S00 

1:S00 

1:25600-1:51200 

1:3200 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 indicates no inhibition in 1:200. 


From Table I, it seems ver)' clear that the 
crude extract of the coptis robt in high dilu- 
tions inhibited the growth of all Gram posi- 
tive organisms tested and also that of certain 
Gram negative ones. The extract appeared 
particularly effective against Br. abortus, as, 
even in a dilution of 1:25600, growth of this 
organism was inhibited. Of some interest is 
that one strain of Staphylococcus ettreus, 
isolated from a patient witli carbuncle, and 
highly resistant toward the action of penicillin 
(50 U/ml) showed great susceptibility to the 
crude extract in the dilution of 1:12800. \Yhtn 
subcultures were made on blood agar plates, 
it was shown that the bacteriostatic power of 
the extract was usually 2-4 times greater than 
its bactericidal power. 

Tests for Toxicity. Adult albino rats of 
200 g bod}’' weight were injected intraperi- 
toneall}?' with 5% aqueous extract solution 
and observed at intervals of 10 minutes, 30 
minutes, 1 hour and 24 hours after injection. 
Amounts of 2 and 1.5 ml caused death of 
the animals in 30 minutes, while those of 1 
and 0.5 ml produced no obvious toxic symp- 
toms. The animals remained well in 1 week. 

Discussion. The root of coptis has been 
generally used as a bitter tonic, but, in China, 
it has been extensively used in the treatment 
of dysentery since ancient times.^ Results of 
/;/ vitro tests made in the present study ex- 
tended those of the previous worker in dem- 
onstrating bacteriostatic power against vari- 
ous types of dysentery bacilli and may e,v- 
plain Avhy coptis root has been used empiric- 
ally by the Chinese. The unexpected find- 
ing of the special effectiveness of this extract 
against our stock strain of Br. abortus but 
not particularly so against Br. mclitcmis re- 
quires further study. It may be mentioned 
that the active principle so far has been found 
to be completely adsorbed on activated char- 
coal. Further investigations regarding purifi- 
cation and chemical analysis and in vivo tests 
of this extract arc being undertaken. 

The dilute alcohol extract of 
the coptis root has been demonstrated to have 
a definite and fairly high antibacterial action 

iLi, S. C, Catalogue of N.'Uive Jlirbv, 

1500. 
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Fig. 2. 

bosis, as compared with clinical thrombosis. 
Neither is it an in vitro .method, as shown by 
the lack of correlation between the Lee*White 
coagulation time and the cannula ‘‘throm- 
bosis time”. For the purpose sought in this 
experiment of obtaining a comparative quan- 
titative estimate of the anticoagulant activity 
of dicumarol at various prothrombin levels, 
the method has appeared adequate. The 
method of producing thrombosis used in this 
experiment obviously does not simulate clini- 
cal conditions in which thrombosis occurs. 
A more suitable method of producing experi- 
mental thrombosis has not been devised so far 
as we know. 

The two striking results in the experiment 
see: (1) the sharp line of demarcation of 
anticoagulant activity at a prothrombin level 


of 40% and (2) the apparent uniformity of 
the average anticoagulant activity at 10, 20, 
30 and 40% prothrombin levels. 

It is to be emphasized that under the con- 
ditions of these experiments the response to 
dicumarol in dogs may bear little relation- 
ship to dicumarol response in man. Yet it 
is apparent that in dogs: (1) prothrombin 
levels above 40% had no demonstrable effect 
upon prolongation of the thrombosis time and 
(2) prothrombin levels below 40% did sig- 
nificantly increase the thrombosis time in 
20 of 23 experiments. 

In view of these results and the lack of 
conclusive experimental evidence elsewhere, 
the question must be raised as to whether the 
clinical use of prothrombin levels of 10% 
to 30% may be too low or whether levels of 
40% to 60% may be too high for effective 
yet safe anticoagulant therapy. 

As to the apparent uniformity of antico- 
agulant activity at 10, 20, 30 and 40%, this 
may merely reflect a limitation of the sensi- 
tivity of the method or else may reveal that 
an all or none, rather than a mass action 
phenomenon, is associated with the method. 
This cannot be definitely answered at present 
from the data available. 

Conclusions, 1. The anticoagulant ef- 
fect of dicumarol at various prothrombin 
levels in dogs has been studied. 

2. In control animals thrombosis occur- 
red, on the average, in 6.3 minutes, wuth a 
variation from 3 to 10 minutes. 

3. In dicumarolized dogs the time of 
thrombosis was not delayed at prothrombin 
levels above 40%. Below 40% thrombosis 
occurred on the average, in 16.6 minutes. 



144 


Anticoagulant Effect at pFOTHRO^rBiN Levels 


TABLE I. 

Plasma Prothrombin Times (in Seconds) of Normal Healthy- Dogs^ 


Percentage dilution 
of normal control 
plasma (50% diluted) 

Total No. of 
determinations 

Avg time 
(sec) 

Bange of times 
•(see) 

100 

95 

9.9 

8.2-11.5 

90 

18 

10.2 

9.0-11.5 

80 

21 

10.3 

■ .9.0-11.8 

75 

35 

10.8 

9.4-12.9 

60 

31 

11.0 

9.6-13.9 

50 

55 

11.3 

'9.8-14.8 

40 

39 

12.4 

10.0-17.6 

30 

43 

- 14.0 

10.5-19.8 

25 

36 

14.7 

12.7-21.6 

20 

51 

17.1 

12.3-26.1 

15 

33 

18.7 

15.3-32.3 

10 

47 

27.6 

18,2-50.7 

5 

8 

38.0 

35.9-41.0 


diluted) and shows the averages and ranges 
obtained. 

Results. In a control series of 14 normal 
animals the femoral arteries were cannulated 
22 times. Thrombosis occurred, on the 
average, in 6.3 minutes, with a variation from 
3 to 10 minutes (Fig. 1). 

The experimental series consisted of 32 
dogs ranging in weight from 8.0 kg to 14.2 
kg. Dicumarol in doses from 10.0 mg to 400 
mg was administered orally 72 hr before the 
experimental procedure. Prothrombin levels 
ranging from 95% to 8% of normal were 
obtained following this therapy. 

Prolongation of the “thrombosis time” was 
found to occur at prothrombin levels of 40% 
and below (Fig. 2). Of 23 dogs with levels 
below 40%,, the average time was 16.6 
minutes. In 20 dogs the thrombosis time was’ 
prolonged beyond the longest time of any 
in the control series. In the remaining 3 
thrombosis occurred (10, 10 and 9 minutes) 
at about the same time as the longest in the 
control series (10 minutes). The average 
prolongation of the thrombosis time did not 
vary significantly at 10, 20, 30 and 40% 
prothrombin levels. 

Prolongation of the “thrombosis time” was 
not found to occur in dogs with prothrombin 
levels of 44% or higher. All of the nine 
animals in this group had “thrombosis times” 
within the limits of the controls, the average 

being 7.2 minutes. ^ 

In 10 of the dicumarolized animals with 
prothrombin levels from 8 to 95%, there 


was no correlation between the LeeAVhite 
coagulation time and the cannula “throm- 
bosis time”. 

Comment, Advantages of the method 
used are that: (1) the endpoint is clear cut; 
(2) thrombosis occurs in a relatively short 
period of time; and (3) the time of occur- 
rence of thrombosis in control animals is 
relatively constant. Since thrombosis oc- 
curred in or about the cannula, this is not 
strictly an /;/ vroo method of producing throm- 
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Fig. 1. 

The effect of repeated equal doses of morphine sulfate on the circular contractions of the 
duodenum of the anesthetized dog. The drug was injected intravenously at the points indi' 
cated on the injection line. 


lowed with about 2 cc of physiological saline. 
Controls using the saline alone showed that 
the spontaneous intestinal contractions were 
not altered by this volume of saline. 

Results, Early in the progress of the ex- 
periments it was found that repeated equal 
doses of morphine failed to produce equiva- 
lent responses in the intestine. Although the 
muscular responses would be qualitatively 
similar the intensity and duration of these 
responses were much diminished with each 
additional injection. Fig. 1 demonstrates this 
tachyphy lactic type of phenomenon which 
occurs in the response of the circular muscle 
when an intravenous dose of morphine of 0.1 
mg per kg is given and then repeated after 
the activity had returned to normal. After 
this phenomenon had been repeatedly demon- 
strated all subsequent experiments were con- 
ducted so that the animal received only one 
injection of morphine. 

Two principal types of response to the 
drugs used were obtained. One of the types 
of response was an increased level of tonus 
with either an increase or no change in the 
frequency and amplitude of the normal spon- 
taneous contractions. This type of response 
is referred to in this paper as '‘increased ac- 
tivity.’’ The second type of muscular response 
was a decreased level of tonus and either a 
decrease or no change in the frequency and 
amplitude of the normal spontaneous' con- 
tractions. This type of response is referred 
to as “decreased activity.” 

Table I summarizes the gross qualitative 
responses obtained on a series of experiments 
conducted on 28 dogs. In all experiments 
acetylcholine was used as a control drug. The 
table shows that 0.05 mg per kg of this com- 
pound, given intravenously, produced an in- 


creased activity of the circular muscle in all 
but one of 25 experiments. In simultaneous 
records this type of response occurred in the 
longitudinal muscle in 18 of the 25 experi- 
ments. In one of the experiments both the 
circular and longitudinal muscle records 
showed decreased activity. In 5 of the ex- 
periments the longitudinal muscle showed de- 
creased activity while the circular muscle 
responded by an increased activity. 

A dosage range of morphine of from 0.01 
mg per kg to 1.0 mg per kg was used. The 
smallest dose of morphine which was con- 
sistently effective in producing an alteration 
in the intestinal muscular activity was 0.05 
mg per kg. Fig. 2 shows the type of record 
obtained. A similarly equivalent qualitative 
response was obtained in five such experi- 
ments. Table I summarizes the response ob- 
tained with 0.1 and 0.5 mg per kg of mor- 
phine in the series of seventeen experiments 
on seventeen different dogs. The table shows 
that the circular muscle responded with an in- 
creased activity in' 16 of the 17 experiments. 
In 13 of the experiments the longitudinal 
muscle showed either .no cant response 
or a decreased activity. With a dose of mor- 
phine of 0.5 mg per kg the response of the 
circular muscle was that of increased activity 
in all of the 17 experiments. In contrast to 
this, the longitudinal musculature showed in- 
creased activity in only two of the 17 experi- 
ments, whereas in 10 of the experiments the 
result was that of decreased activity and in 
5 experiments there was no observable altera- 
tion in muscle activity. 

One mg per kg of morphine produced an 
increased activity in the circular muscle in 6 
experiments, and in 5 of the 6 e.xperiments a 
decreased activity was the response recorded 
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Response of the Duodenum to Morphine* 

Ted a. Looivns. (Introduced by J. M. Dille.) 

From the Department of Pharmacology, University of TTashingion School of ^[cdicine, 


Seattle, 

The earliest investigators concerned with 
the response of the intestine to morphine 
were predominantly of the opinion that this 
drug produced a relaxation of the muscle of 
the intestine. More recent investigations 
have changed this trend of belief by showing 
that morphine produced an increased pressure 
within the intestine and increased movements 
of various segments of the intestine as meas- 
ured by one or more forms of a balloon 
method. 

It has been pointed out by Krueger’^ and 
emphasized by Quigley, Highstone and Ivy- 
that erroneous conclusions may be drawn con- 
cerning the sum total effect of a drug on the 
intestinal muscle by using a method which 
involves inserting a balloon in the lumen of 
the intestine and recording activity in terms 
of changes in volume of the balloon. Thus in 
an attempt to improve the experimental pro- 
cedure, bolus methods- and multiple balloon 
methods'*^ have been devised and used. 

The present study is concerned with the 
muscular response of the duodenum to mor- 
phine as measured by a method which gives 
simultaneous graphic recordings of both the 
circular and longitudinal muscle activity in a 
given segment of the duodenum in the intact 
anesthetized dog. 

Met/wds. If? e circular contractions of the 
duodenum weref recorded by the method of 
Krop and Loomis.-* The balloon inserted in 
the duodenum was constructed so that its 
length was not more than 2 cm. Such a bal- 
loon would come in contact with about 1 cm 
length of intestinal mucosa when fully ex- 

J Krueger, H., Fhysiol. TiCi\, 1937, G5, CIS. 

2 Quigley, J. P., Highstone, W. H., and 
A. G., <7'. Fharm. and Eocp. Thera 1934, ol, 30S. 

" a Krueger, H., J. Pharm, and Exp. Thcrap., 
1934,51, 440. 

4 Krop, S., and Loomis, T. A,, Sciraoc, I94u, 
102, 155. 


TV ash, 

panded. Observations with this apparatus in 
sHu showed that longitudinal movements of 
the intestine did not record through the man- 
ometer. Circular contractions, on the other 
hand, compressed balloon and were re- 
corded as changes in the level of the fluid in 
the manometer. The longitudinal contractions 
of the duodenum were recorded fay the inter- 
nal organ apparatus described by Jackson.'^ 
Observations with this apparatus in situ 
showed that the records obtained were pre- 
dominantly those of longitudinal muscle ac- 
tivity. 

IMature mongrel dogs in good health were 
used throughout the experiments. The dogs 
were anesthetized with 35 mg per kilo sodium 
pentobarbital given intravenousl,v. A midline 
abdominal incision from the xiphoid process 
of the sternum to about 2 cm above the pubis 
was made. The intestine was retracted to one 
side, an incision was made in the pyloric end 
of the stomach on its anterior surface and the 
balloon was inserted through the incision into 
the stomach, directed through the pidoric 
sphincter and into the duodenum so that it 
la}^ about 5 cm distal to the sphincter. Jack- 
son internal organ apparatus was then 
sutured to the mucosal surface of the segment 
of duodenum which contained the rubber bal- 
loon within its lumen. The intestine was then 
replaced in its approximate normal position 
and the cut edges of the abdominal incision 
were approximated and sutured. 

All injections were given intravenously 
through one of the superficial branches of the 
femoral vein. The drugs were dissolved in 
physiological saline- The volume of each in- 
jection was always less than 5 cc and the 
solutions were maintained at a temperature 
of 38°C. Each injection of a drug was fol- 

^ Jackson, D. E., Exporinicntal rkannacologj* 
and Thcrnpoutics, C. V. Co,, liKi9, pope S9, 
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TJjc ‘Miiercascd activity^^ of tiic circular muscle aiul 
the simultaneous ' ' decreased activity ' ' of the longi- 
tudinal muscle of the intact segment of the dog duodenum 
as it is produced by a dose of 1.0 mg/kg of morphine 
sulfate. 


ished by the subsequent administration of 
morphine. 

Atropine only partially decreased the in- 
creased activity in the circular muscle pro- 
duced by morphine. Atropine also abolished 
any activity present in the longitudinal mus- 
cle group when given following the injection 
of morphine. 

In 3 experiments in the physostigminized 
animal, morphine produced a response of a 
type similar to that most frequently produced 
in the normal animal. This was a decreased 
activity of the longitudinal muscle and an 
increased activity of the circular muscle (Fig. 
7). However, the mean duration of the re- 
sponse to morphine (0,1 mg per kg) in the 
eserinized animal was 222 minutes (3 experi- 
ments) whereas the maximum duration of 
response obtained in the normal dog to 0.1 
mg per kg of morphine was 110 minutes (17 
experiments) . 

Disatsston. The evidence in the literature 
at the present time indicates that morphine 
does not produce a consistently specific type 
of effect on smooth muscle throughout various 
parts of the gastrointestinal tract.’ 
Furthermore, reports concerned with the ef- 
fect of morphine on the atropinized or eserin- 
ized intestine are not consistent in the same 
or different animals."’’^*^^ 

Treiulclcnbcrg, P., Jreft, F. Exp, Path» 
Pharmacol., 1017, 81, o5. 

‘ Vvaclj, H. 0., J. Pharvu and Exp. Thcrap., 
1037, m, 230. 

H Plant, 0. IL, and Miller, (i. H.. J, Phann. and 
Exp. Thernp., 3028, ^2, 437. 


Acetylcholine and barium chloride con- 
sistently produced increased activity in both 
the circular and longitudinal muscle layers 
with the experimental arrangement described 
in this paper. Atropine sulfate consistently 
produced decreased activity of both of these 
muscle layers. The most consistent response 
produced by morphine injected intravenously 
was that of an immediate increased activity 
of the circular muscle layer and a decreased 
activity of the longitudinal muscle layer. 
This type of response was marked and pro- 
longed and records always showed a return to 
normal when allowed sufficient time. Occa- 
sionally there occurred an immediate very 
brief (5 minutes or less) interval of little 
change or an increased activity of the longi- 
tudinal muscle or a decreased activity of the 
circular muscle following the injection of 
morphine. 

Summary and conclusions. 1. The phe- 
nomenon of tachyphylaxis of the intestinal 
musculature to morphine was demonstrated. 

9 Plant, 0. H., and Miller, G. II., J. Pharm. and 
Exp. TUcrap., 1928, 32, 413. 

10 Plant, 0. II., and Miller, G, H., J. Phartn. and 
Exp. TUcrap,, 192G, 27, 301. 

11 Krueger, H., J. Pharm. and Exp. Thcrap., 
1934, 51, 85. 

12 Gruber, C. M., and Pipkin, G., J. Phann. and 
Exp. Thcrap., 1930, 38, 401. 

i.*! Wllen, C. J., and Bragstedt, C. A., Proc. Soc. 
Exr. Bioi>. AKB Mkd., 1931, 28, 1050, 

H Gruber, C. M., Greene, W. W., Bniycr, C, S., 
and Crawford, IV. M., J. Pharm. and Exp. Thcrap., 
1930, 38, 389. 
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Tlle^^^incre«^sc(l activity of the circular muscle 
and simultaneous * ‘decreased activity*' of the 
longitudinal muscle produced hj* 0.05 mg per hg of 
morphine sulfate folloudiig a control acetylcholine 
injection. Time is recorded as dots at one minute 
intervals. 


b\’' the longitudinal muscle apparatus. Fig. 3 
is a typical record of this result. 

These results show that the type of re- 
sponse was essentially independent of the dose 
of morphine used over the range which was 
studied. The duration of the response was 
similar in both the circular and longitudinal 
groups (Table I) for a given dose of mor- 
phine. The duration of response generally 
w’as greater with higher doses, than with the 
lower doses over the range studied. 

Barium chloride in a dose of 1.0 mg per kg 
consistently^’ produced an increased activity in 
both the circular and longitudinal muscle 
records. '\'\^en morphine is given at the time 
when a maximum response to barium is 
present generally little or no alteration in the 
activity of the duodenal muscle occurs. 

Atropine repeatedly produced a decreased 
activity in both the drcalar and Jonghudina] 
muscle of the duodenum, A dose of morphine 
of 0.1 mg per kg produced an increased activ- 
ity in the circular muscle in the atropinized 
animal at a time when a control acetylcholine 
injection produced no response. The response 
of the longitudinal musculature in an atropin- 
ized animal was indefinite since atropine fre- 
quently produced such a profound decreased 
tonus and often completely abolished all ac- 
tivity of the masek. However, when slight 
activity remained in the longitudinal muscle 
after administration of atropine, it was abol- 
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the two groups were not significantly different 
The Dibenamine treated animals showed 
slightly higher blood flow values throughout, 
with faster pulse rates. Vasomotor resistance 
values, while showing roughly parallel changes 
in the two groups, were consistently lower 
in the treated dogs. There was no demonstra- 
ble correlation between the dilution of the 
blood and the survival period. In fact, as a 
group, the treated animals showed less dilu- 
tion than the controls. 

It has been shown that animals subjected 
to contusion of the muscles of both hind legs, 
by multiple blows with a light mallet, show 
higher resistance values than after hemor- 
rhage,*'^ and die after a smaller blood volume 
loss than would be required by hemorrhage.' 
This higher resistance is presumably brought 
about by afferent nervous discharge from the 
traumatized limbs. ^ Nine control animals, 
under morphine-nembutal anesthesia, were 
given 80 blows/kg b.w. to each hind leg. All 
these dogs died, with the average survival of 
334 hours. Nine more dogs were given 
Dibenamine, as above, 1 hour before the 


‘'•Boot, W. S., Walcott, W. W., and Gregersoii, 
I., Am. J. PVn/sio?., 1947, 151, 34. 

■* Wang, S. C., Overman, U. K., Fcrtig, J. W., 
Boot, W. S., and Gregerson, M. I., ^ 7 rt. J. Physiol., 
1947, 148, 1G4. 

^ Swingle, W. W., Kleinberg, W., Bemington, 
J. W., Evcrsole, W. J., and Overman, R. R., J. 
Physiol, 1944, 141, .03. 


trauma. Eight of these recovered, the ninth 
dog surviving 15 hours. As with the hemor- 
rhage experiment, pressure values were not 
different in the two series. Pulse rates of the 
Dibenamine-treated animals were greater, and 
flows w’ere maintained at higher levels. They 
therefore show'ed a lower vasomotor resistance. 

A limited number of blood volumes, deter- 
mined by T-1824 injection, indicated that 
the blood volume loss in these animals was 
sufficient in itself to have caused death. The 
blood volume loss was of similar magnitude 
in treated and untreated dogs. Peripheral 
resistance was definitely higher than after 
hemorrhage. The treated dogs did not show 
this rise in resistance, but rather a vaso- 
dilation. Death in the control series may be 
preceded by the appearance of cardiac irregu- 
larity, which developed while the peripheral 
resistance was still high. Both groups showed 
a hemoconcentration. In the control series, 
however, this developed not during the trauma 
but after its completion. 

Simmary. A hemorrhage of 30 cc/kg 
proved fatal in 93% of the cases. Pre- 
treatment with Dibenamine reduced this mor- 
tality to 10%. Pulse rate and blood flow 
per second were consistently greater in the 
second series. Administration of 80 blows/kg 
to each hind leg with a light mallet produced 
fatal shock in 100% of the cases. Pre- 
treatment with Dibenamine reduced the mor- 
tality to 11%. Control animals showed vaso- 
constriction, treated animals vasodilation. 
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2. The most consistent response of the 
circular muscle of the' duodenum to morphine 
was an increase in the many phases of mus- 
cular activity. This includes elevation of the 
tonus level with increased frequency and am- 
plitude of the normal spontaneous tonic con- 
tractions. 

3. The most frequent though not completely 
consistent response of the longitudinal muscle 
was found to be either a decrease or an aboli- 
tion of the many phases of the muscle activ- 


i^^^ This includes a depression of the tonus 
level with a decreased frequency and ampli- 
tude of the normal spontaneous tonic contrac- 
tions. 

4. The type of response of the duodenum 
to morphine was independent of the original 
state of tonus and independent of the dose 
over the range of O.OI mg to 1.0 mg per kg. 

Tlie toeliiiical assistance of Mz*. Herbert Stowe 
is gratefully aeknon'Ieclgccl. 
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Wiggers and associa tes^»“ have demon- 
strated that dogs given the sympatholytic 
substance Dibenamine showed a higher sur- 
vival rate than controls from shock produced 
by hemorrhage. The inference made is that 
abolition of a severe vasoconstriction normal- 
ly following hemorrhage protects the life of 
the animal. 

In a series of dogs under morphine-nem- 
butal anesthesia, 6 arterial hemorrhages of 5 
cc/kg b.w. each, were performed at 10 minute 
intervals. Aortic pressure pulse contours 
were recorded during the hemorrhage period, 
and for an additional hour. All wounds were 
then closed, and the animals returned to their 
cages. Cardiac outputs were calculated from 
the pressure pulse contours,*^ and in a selected 
series by the dye injection method, ** and vaso- 
motor resistance (Rv) calculated as the mean 
aortic pressure less 20 mm Hg divided by the 
flow per second.'' Specific gravity values of 

* This rcseareli \v«as aidcfl by a grant from the 
Life Insurance Medical Rcscareli Fund. 

1 Wiggers, H, C., Roenihild, F., Guldberg» II., 
and Ingrabani, R. C., Fed. Proc., 1047. «. 220’. 

2 Ingraham, JR. C., RoemhiJd, F., and Goldberg, 
H., Fed. Proc., 104S, 7, GO. 

3 Hamilton, W. F., and Rennngtnn, J. W., Am. 

J. Physiol, 1047, 148, 14. 


plasma and whole blood were determined at 
10 minute intervals by the falling drop tech- 
nic. 

This e.\periment was done during the sum- 
mer months, so that an expectedly sub-lethal 
hemorrhage proved fatal in 13 of 14 dogs, 
with an average survival of the 13 dogs of 4 
hours. Ten more dogs were given 10-20 mg/ 
kg Dibenamine,! in 50 cc saline, i.v., one 
hour before the hemorrhage was begun. The 
completeness of the synn pathetic block was 
demonstrated by the injection of epinephrine 
5 minutes before the first bleeding. Xine of 
these animals survived. To rule out the pos- 
sible effect of the salt solution itself, the last 
5 of the control series received 50 cc saline 
one hour before the hemorrhage. All of these 
dogs died. 

Systolic and diastolic pressure values for 

-» Haiziiltoii. W. F., RUcy, R. L., Affyab, A. .M., 
Coiirnand, A., FowcII, I). JM., Iliminclsfein. A., 
Noble, R. P.. Roiningtoii, J. W., Ricliards, XX W., 
Wheeler, N. and Wit ham, A. Am. J, 
Physiol, 1P4S, J53, ,10.0. 

•TIIamiRon, W. F., and Remington, J. W,. Am. 

J. Physiol., 1048, 153, 2S7. 

* Wo are inde!)ted to Dr. . Ozizn}) of tiiv.'zudzin- 
Delauanna, Jnc., for the Dibenamine Ilydrm-hlo' 
ride listed in tbi." study. 
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the two groups were not significantly different 
The Dibenamine treated animals showed 
slightly higher blood flow values throughout, 
with faster pulse rates. Vasomotor resistance 
values, while showing roughly parallel changes 
in the two groups, were consistently lower 
in the treated dogs. There was no demonstra- 
ble correlation between the dilution of the 
blood and the survival period. In fact, as a 
group, the treated animals showed less dilu- 
tion than the controls. 

It has been shown that animals subjected 
to contusion of the muscles of both hind legs, 
by multiple blows with a light mallet, show 
higher resistance values than after hemor- 
rhage/* and die after a smaller blood volume 
loss than would be required by hemorrhage." 
This higher resistance is presumably brought 
about by afferent nervous discharge from the 
traumatized limbs.® Nine control animals, 
under morphine-nembutal anesthesia, were 
given 80 blows/kg b.w. to each hind leg. All 
these dogs died, with the average survival of 
334 hours. Nine more dogs were given 
Dibenamine, as above, 1 hour before the 


"W. S., Walcott, W. W., and Gregerson, 
M. I., J. Physiol.t 1947, 151, 34. 

"Waiig, B. C,, Overman, It., Pertig, J. W., 
Root, W. S., and Gregerson, T., Am, J. PhyMoh, 
1947, 148, 1G4. 

Swingle, W. W., Kleinbcrg, IV., Remington, 
J. IV., Eversole, W. J., and Overman, R. R., j4m. J. 
Physiol., 1944, 141, 53. 


trauma. Eight of these recovered, the ninth 
dog surviving 15 hours. As ivith the hemor- 
rhage experiment, pressure values were not 
different in the two series. Pulse rates of the 
Dibenamine-treated animals were greater, and 
flows were maintained at higher levels. They 
therefore showed a lower vasomotor resistance, 
A limited number of blood volumes, deter- 
mined by T-1824 injection, indicated that 
the blood volume loss in these animals was 
sufficient in itself to have caused death. The 
blood volume loss was of similar magnitude 
in treated and untreated dogs. Peripheral 
resistance was definitely higher than after 
hemorrhage. The treated dogs did not show 
this rise ;n resistance, but rather a vaso- 
dilation. Death in the control series may be 
preceded by the appearance of cardiac irregu- 
larity, which developed while the peripheral 
resistance was still high. Both groups showed 
a hemoconcentration. In the control series, 
however, this developed not during the trauma 
but after its completion. 

Summary, A hemorrhage of 30 cc/kg 
proved fatal in 93% of the cases. Pre- 
treatment with Dibenamine reduced this mor- 
tality to 10%. Pulse rate and blood flow 
per second were consistently greater in the 
second series. Administration of 80 blows/kg 
to each hind leg with a light mallet produced 
fatal shock in 100% of the cases. Pre- 
treatment with Dibenamine reduced the mor- 
tality to 11%. Control animals showed vaso- 
constriction, treated animals vasodilation. 
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2. The most consistent response of the 
circular muscle of the duodenum to morphine 
was an increase in the many phases of mus- 
cular activity. This includes elevation of the 
tonus level with increased frequenc}^ and am- 
plitude of the normal spontaneous tonic con- 
tractions. 

3. The most frequent though not completely 
consistent response of the longitudinal muscle 
was found to be either a decrease or an aboli- 
tion of the many phases of the muscle activ- 


ity. This includes a depression of the toinis 
level with a decreased frequency and ampli- 
tude of the normal spontaneous tonic contrac- 
tions. 

4. The type of response of the duodenum 
to morphine was independent of the original 
state of tonus and independent of the dose 
over the range of 0.01 mg to 1.0 mg per kg. 

TIjo tecliiiicnl nssistnnce of Mr. Herbert Stowe 
is gratefull}’ acknowledged. 
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Wiggers and associates^*- have demon- 
strated that dogs given the sympatholytic 
substance Dibenamine showed a higher sur- 
vival rate than controls from shock produced 
by hemorrhage. The inference made is that 
abolition of a severe vasoconstriction normal- 
ly following hemorrhage protects the life of 
the animal. 

In a series of dogs under morphine-nem- 
butal anesthesia, 6 arterial hemorrhages of S 
cc/kg b.w. each, were performed at 10 minute 
intervals. Aortic pressure pulse contours 
were recorded during the hemorrhage period, 
and for an additional hour. All wounds were 
then closed, and the animals returned to their 
cages. Cardiac outputs were calculated from 
the pressure pulse contours,*" and in a selected 
series by the dye injection method, and vaso- 
motor resistance (Rv) calculated as the mean 
aortic pressure less 20 mm Hg divided by the 
flow per second/' Specific gravity values of 

* TJjis research was niflcd by a grant from the 
Life Insurance Medical Kosearch Fund. 

iWiggors, H. C,, Rocmhild, F., Goldberg, IL, 
and Ingraham, K. C., Fed. Froe.. 194?, O. 220. 

elitgraham, H. C., RoemhiJd. F., and Goldberg, 
H., Fed. Fror., 1948, 7, 00. 

3 Hamilton, W. F.. and Remington, J. W., Am. 

J. PJnjsioLt 1947 , 148 , 14 . 


plasma and whole blood were determined at 
10 minute interv^als by the falling drop tech- 
nic. 

This experiment was done during the sum- 
mer months, so that an expectedly sub-Icthal 
hemorrhage proved fatal in 13 of 14 dogs, 
with an average survival of the 13 dogs of 4 
hours. Ten more dogs were given 10-20 mg/ 
kg Dibenamine, t in 50 cc saline, r.v., one 
hour before the hemorrhage was begun. The 
completeness of tlie s.vnipathetic block was 
demonstrated by the injection of epinephrine 
5 minutes before the first bleeding. Nine of 
these animals survived. To rule out the pos- 
sible effect of the salt solution itself, the last 
S of the control series received 50 cc saline 
one hour before the hemorrhage. All of these 
dogs died. 

Systolic and diastolic pressure values for 

■i Hamilton, W. F., Riley, R. L., Affyah, A. Ih, 
Cou rim 11(1, A., Fowel!, D. H i in moist oiii. A., 
Nobb*, R. F., Remington, J. W., Riebards, 1). W., 
Wheeler, X. C\, and Wifhnin, A. .//«. .7, 
Physwl, J94S, 15:5, 30.^. 

a Hamilton. W. F.. and Remington, J. W., Am. 

J. physiol.^ 1948, 15R, 287. 

t We are indebted to J>r. W. t/ump of Ohmudnu' 
Dclawnnim, Inc., for the Itibeimmiiie I/wIroehIo* 
ride used in thi.s .study. 
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failures, etc. These cases could be excluded, 
although the fact that their inclusion intro- 
duces no significant in-out difference indicates 
that random rather than systematic errors are 
involved. 

The second group of data, the selected 
series, consisting of clearance periods chosen 
on the basis of plasma equilibrium and tech- 
nical perfection, but, of course, ndthout 
regard to mannitol recovery, contains' 30 
periods from 16 tests on 12 patients.^ 

This series contains only periods preceded 
and followed by determinations of plasma 
concentration that did not differ by more 
than 3.5 a value within the error of the 

method (standard deviation = =t:2.5 mg%). 
An actual difference of this magnitude, in 2 
specimens drawn 30 minutes apart, would 
represent, on the basis of an average normal 
mannitol space of 15 liters,^ a gain or loss 
of 17.5 mg/min. and thus might obscure a 
very large extra renal loss. To determine 
whether equilibrium had been obtained in 
these periods, they are further subdivided into 
3 subgroups: those periods with bracketing 
plasma levels differing by less than 1 mg%, 
those with levels falling 1 to 3.5 mg%, and 
those rising 1 to 3.5 mg%. If equilibrium had 
not been established one would expect an ex- 
cessive urinary recovery in the periods with 
falling levels and a deficient recovery in those 


with rising levels. Eighteen periods were 
bracketed by levels differing by less than 
1 mgfo and the mean out-in ratio of these 
is 0.990. There were 8 periods in the falling 
group with a mean ratio of 0.995 and 4 in 
the rising group with a mean ratio of 0.970, 
Since, if these values represented actual dif- 
ferences in plasma concentration, the ratios 
would be 117 and 0.82 for the falling and 
rising groups respectively we feel that equi- 
librium had been established. In these 
selected periods, an average of 99.3 mg of 
mannitol was excreted for every 100 mg 
injected (range 87-114). This small series 
has a standard deviation of 6.0 with a stand- 
ard error of the mean of 1.1, giving for the 
difference 100.0-99.3 a t value of 0.64, thus 
failing to establish a difference between the 
urinary recovery of mannitol and the amount 
injected. 

Summary and Conclusions, 1. In 92 unse- 
lected clearance periods in 29 tests on 22 
patients 100.4 mg of mannitol were recovered 
in the urine for every 100 mg injected. 

2. In 30 periods in 16 tests on 12 patients 
selected on the basis of plasma equilibrium 
and technical adequacy" 99.3 mg of mannitol 
were recovered for every 100 mg injected. 

3. These data reveal no significant extra- 
renal disposal of mannitol. 
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A recent study^- demonstrated that the 
volume, concentration, and output of acid in 
the nocturnal gastric secretion are usually 

1 1.cvin, E., Kirsner, J. B., Palmer, 

Butler, C., Arch. Sitrg., 194S, 40, 345. 

2 Levin, E., Kirsner, J. B., Palmer, W. L., and 
Butler, C., Gastrociitrrologg, 1048, XO, 952. 


higher in patients with duodenal ulcer than* 
in normal healthy individuals. The patients 
had been admitted to the hospital because of 
ulcer distress. Several observ^ers have sug- 
gested that the presence of s3Tnptoms may 
be a contributing factor in causing h\qDer- 
secretion in duodenal ulcer patients. It 
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If, as has been recently suggested/’- man- 
nitol is in pant disposed of b\'’ non-renal 
means, probably metabolic, it cannot be used 
as a measure of extracellular fluid space 
Such a circumstance would render invalid 
calculations of glomerular filtration rate in 
which the rate of infusion is substituted for 
the rate of excretion, UV, in the clearance 
formula C ~ UV/P after the plasma level, 
P, has become constant/ or from the falling 
curve of plasma concentration without urine 
collection,^ if mannitol is used as a test sub- 
stance. Since the publication of the constant 
infusion technic for determining renal clear- 
ances,'^ we have routinely infused our test 
solutions, mannitol and para-aminohippurate, 
from a syringe with a motor driven worm 
screw, and our data on subjects with rela- 
tively normal renal function, in cases where 
both infusion solutions and urine were ana- 
lyzed, indicate no extra-renal loss when man- 
nitol recovered in the urine is balanced 
against that infused. In these tests, a period 

* The work described this paper was sup- 
ported iu part by a grant from the Life Insurance 
Medical Research Fund to the Department of 
Pharmacology and in part from the C, Mahlon 
Kline Fund for Developments in the Department 
of Medicine. 

t National Institute of Health Senior Research 
Fellow and formerly Research Fellow in Phar- 
macology. 

X Harrison Fellow in Surgical Research, and 
formerly Research Fellow in Pharmacology. 

1 Berger, E. Y,, Farber, J., and Earle, D. P.» 
Jr,, Paoc. Soc. Exp. Biol. ani> Med., 1947, GO, G2. 

2 Dominguez, R., Corcoran, A. C., and Page, 
L H,, J. Lah. and Clin. Hcd.. 1947, 02, H92. 

a Elkinton, J. R,, J. Clin. Invest., 1947, 20, 

loss. 

4 Earle, D. P., and Berliner, R. W., Proc. Soc. 
Exp. Biol, axd Med,, 194G, 02, 2C2. 

r. Newman, E. V., Bordloy, J., and Wintornitz, 
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of one hour, when possible, was allowed for 
equilibration, urine was collected by catheter 
with bladder washing and clearance periods 
were usually 20 minutes or longer. Plasma 
levels varied from 100 to 50 mg%. ^Mannitol 
was determined by a modification‘s of Smith’s 
method'' in most cases and by the colorimetric 
method^ in a few. Total para-aminohippurate 
was determined by a modification of Smith’s 
method.^ 

Results. Our data are presented in two 
groups. The first, the unselected series, con- 
sists of all patients in whom both urine and 
infusion solutions were anali^zed and con- 
tains 92 clearance periods in 29 tests on 22 
patients with relatively normal renal func- 
tion. 

The average urinari^ recovery of mannitol 
for all 92 periods was 100.4 mg for every 100 
mg injected (range 62 to 156). The standard 
deviation of this series is 16.7; standard 
error of the mean 1.74. For the difference 
100.4-100.0 the t value is 0.23, indicating 
that the amount recovered in the urine does 
not differ significantly from that injected. 

In many of the clearances satisfactory man- 
nitol plasma equilibrium was not achieved 
due to inaccurate preclearance estimation of 
renal function, a priming dose of improper 
size, changing renal function, etc. In addi- 
tion, some periods are inaccurate due to tech- 
nical difficulties such as obvious urine collec- 
tion errors, chemical analytical errors, pump 

c Barker, H. G^ancl Clark, jTlv., Fkoc. Soc. 
Exp. Biol, axd 1947. 04, 120. 

7 Smith, W. W., Finkeistein, N., ninl Smith, 
H. IV., J. Biol. Chrm., 1940. 105, 251. 

8 Corcoran, A. F.. and Page, I. H.. J. BioK 
Chem., 1947, 170, 1G5. 

0 Smith, n. W. ct <iL, J. Clin. Invc.U.. 3945, 2-1, 
38S. 

$ Mimeographed slieets containing Jafa niU he 
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failures, etc. These cases could be excluded, 
although the fact that their inclusion intro- 
duces no significant in-out difference indicates 
that random rather than systematic errors are 
involved. 

The second group of data, the selected 
series, consisting of clearance periods chosen 
on the basis of plasma equilibrium and tech- 
nical perfection, but, of course, without 
regard to mannitol recovery, contains' 30 
periods from 16 tests on 12 patients.^ 

This series contains only periods preceded 
and followed by determinations of plasma 
concentration that did not differ by more 
than 3.5 mg5^?, a value within the error of the 
method (standard deviation = ii::2.5 mg%). 
An actual difference of this magnitude, in 2 
specimens drawn 30 minutes apart, would 
represent, on the basis of an average normal 
mannitol space of 15 liters;'^ a gain or loss 
of 17.5 mg/min. and thus might obscure a 
very large extra renal loss. To determine 
whether equilibrium had been obtained in 
these periods, they are further subdivided into 
3 subgroups: those periods with bracketing 
plasma leve.ls differing by less than 1 mg^o, 
those with levels falling 1 to 3.5 mg%, and 
those rising 1 to 3.5 mg^o* If equilibrium had 
not been established one would expect an ex- 
cessive urinary recovery in the periods with 
falling levels and a deficient recovery in those 


w'ith rising levels. Eighteen periods were 
bracketed by levels differing by less than 
1 mg^^? and the mean out-in ratio of these 
is 0.990. There were 8 periods in the falling 
group with a mean ratio of 0.995 and 4 in 
the rising group with a mean ratio of 0.970. 
Since, if these values represented actual dif- 
ferences in plasma concentration, the ratios 
would be 117 and 0.82 for the falling and 
rising groups respectively we feel that equi- 
librium had been established. In these 
selected periods, an average of 99.3 mg of 
mannitol was excreted for every 100 mg 
injected (range 87-114). This small series 
has a standard deviation of 6.0 with a stand- 
ard error of the mean of 1.1, giving for the 
difference 100,0-99.3 a t value of 0.64, thus 
failing to establish a difference between the 
urinary recover^^ of mannitol and the amount 
injected. 

Summary and Conclusions, 1. In 92 unse- 
lected clearance periods in 29 tests on 22 
patients 100.4 mg of mannitol were recovered 
in the urine for ever>^ 100 mg injected. 

2. In 30 periods in 16 tests on 12 patients 
selected on the basis of plasma equilibrium 
and technical adequacy 99.3 mg of mannitol 
were recovered for every 100 mg injected. 

3. These data reveal no significant extra- 
renal disposal of mannitol. 
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A recent study^- demonstrated that the 
volume, concentration, and output of acid in 
the nocturnal gastric secretion are usually 

1 Levin, E., Kirsner, J. B., Palmer, L., and 
Butler, C., Arch. Swr/;., 194S, '1C, 345. 

2 Levin, E., Kirsner, J. B., Palmer, W. L., and 
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higher in patients with duodenal ulcer than’ 
in normal healthy individuals. The patients 
had been admitted to the hospital because of 
ulcer distress. Several obser\^ers have sug- 
gested that the presence of S3miptoms may 
be a contributing factor in causing h\^per- 
secretion in duodenal ulcer patients.* It 
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If, as has been recently suggested,^’- man- 
nitol is in part disposed of by non-renal 
means, probably metabolic, it cannot be used 
as a measure of extracellular fluid space.^ 
Such a circumstance would render invalid 
calculations of glomerular filtration rate in 
which the rate of infusion is substituted for 
the rate of excretion, UV, in the clearance 
formula C == UV/P after the plasma level, 
P, has become constant/ or from the falling 
curve of plasma concentration without urine 
collection,^ if mannitol is used as a test sub- 
stance. Since the publication of the constant 
infusion technic for determining renal clear- 
ances,-^ we have routinely infused our test 
solutions, mannitol and para-aminohippurate, 
from a syringe with a motor driven worm 
screw, and our data on subjects with rela- 
tively normal renal function, in cases where 
both infusion solutions and urine were ana- 
lyzed, indicate no extra-renal loss when man- 
nitol recovered in the urine is balanced 
against that infused. In these tests, a period 

* The work described in tins reaper was sup- 
ported in part by a grant from the Life Insurance 
Medical Kesearch Fund to the Department of 
Pharmacology and in part from the C. iMahlon 
Kline Fund for Developments in the Department 
of Medicine. 
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of one hour, when possible, was allowed for 
equilibration, urine was collected by catheter 
with bladder washing and clearance periods 
were usually 20 minutes or longer. Plasma 
levels varied from 100 to 50 mg^o. IMannitol 
was determined by a modification® of Smith's 
method' in most cases and by the colorimetric 
method® in a few. Total para-aminohippurate 
was determined by a modification of Smith’s 
method.® 

Results. Our data are presented in two 
groups. The first, the unselected series, con- 
sists of all patients in whom both urine and 
infusion solutions \Yere analyzed and con- 
tains 92 clearance periods in 29 tests on 22 
patients with relatively normal renal f unc- 
tion, 

The average urinary recovery of mannitol 
for all 92 periods was 100.4 mg for every 100 
mg injected (range 62 to 156). The standard 
deviation of this series is 16.7; standard 
error of the mean 1.74. For the difference 
100.4-100.0 the t value is 0.23, indicating 
that the amount recovered in the urine does 
not differ significantly from that injected. 

In many of the clearances satisfactory man- 
nitol plasma equilibrium was not achieved 
due to inaccurate preclearance estimation of 
renal function, a priming dose of improper 
size, changing renal function, etc. In addi- 
tion, some periods are inaccurate due to tech- 
nical dihiculties such as obvious urine collec- 
tion errors, chemical analytical errors, pump 

<> Barker, H. G., and Clark, J. K., Pitoc. Soc. 
Exp. Biol, akp Med., 1947, 04, 120. 

TSmitli, W. W., Fiiikeliilejn, X., and Smith, 
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failures, etc. These cases could be excluded, 
although the fact that their inclusion intro- 
duces no significant in-out difference indicates 
that random rather than systematic errors are 
involved. 

The second group of data, the selected 
series, consisting of clearance periods chosen 
on the basis of plasma equilibrium and tech- 
nical perfection, but, of course, without' 
regard to mannitol recovery, contains' 30 
periods from 16 tests on 12 patients. $ 

This series contains only periods preceded 
and followed by determinations of plasma 
concentration that did not differ by more 
than 3.5 mg%, a value within the error of the 
method (standard deviation = ±2.5 mg%). 
An actual difference of this magnitude, in 2 
specimens drawn 30 minutes apart, would 
represent, on the basis of an average normal 
mannitol space of 15 liters,^ a gain or loss 
of 17.5 mg/min. and thus might obscure a 
very large extra renal loss. To determine 
whether equilibrium had been obtained in 
these periods, they are further subdivided into 
3 subgroups: those periods with bracketing 
plasma levels differing by less than 1 mg%, 
those with levels falling 1 to 3.5 mg%, and 
those rising 1 to 3.5 mg If equilibrium had 
not been established one would expect an ex- 
cessive urinary recovery in the periods with 
falling levels and a deficient recovery in those 


with rising levels. Eighteen periods were 
bracketed by levels differing by less than 
1 mg% and the mean out-in ratio of these 
is 0.990. There were 8 periods in the falling 
group with a mean ratio of 0.995 and 4 in 
the rising group with a mean ratio of 0.970. 
Since, if these values represented actual dif- 
ferences in plasma concentration, the ratios 
would be 117 and 0.82 for the falling and 
rising groups respectively we feel that equi- 
librium had been established. In these 
selected periods, an average of 99.3 mg of 
mannitol was excreted for every 100 mg 
injected (range 87-114). This small series 
has a standard deviation of 6.0 with a stand- 
ard error of the mean of 1.1, giving for the 
difference 100.0-99.3 a t value of 0.64, thus 
failing to establish a difference between the 
urinary recovery of mannitol and the amount 
injected. 

Summary and Conclusions. 1. In 92 unse- 
lected clearance periods in 29 tests on 22 
patients 100.4 mg of mannitol were recovered 
in the urine for every 100 mg injected. 

2. In 30 periods in 16 tests on 12 patients 
selected on the basis of plasma equilibrium 
and technical adequac}^ 99.3 mg of mannitol 
were recovered for every 100 mg injected. 

3. These data reveal no significant extra- 
renal disposal of mannitol. 


16649 

Twelve-hour Nocturnal Gastric Secretion in Uncomplicated Duodenal 
Ulcer Patients: Before and After Healing. 

Erwin Levin, Joseph B. Kirsner, and Walter L. Palmer. 

From ihc .Albert Merrit HilUngs Hospital, Deportment of Hcdiciiic, Vniversitg of Chicago 

Clinics. 


A recent study demonstrated that the 
volume, concentration, and output of acid in 
the nocturnal gastric secretion are usually 

1 Levin, E., Kirsner, J. B., Palmer, W. L., and 
Butler, C., Arch. Surg., 1948, 4G, 345. 

Levin, E., Kirsner, J. B., Palmer, W. L., and 
Butler, C., Gastrocntcrologg, 1948, 10, 952. 


higher in patients with duodenal ulcer than* 
in normal healthy individuals. The patients 
had been admitted to the hospital because of 
ulcer distress. Several observers have sug- 
gested that the presence of s3Tnptoms may 
be a contributing factor in causing hyper- 
secretion in duodenal ulcer patients. It 
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If, as has been recently suggested/- man- 
nitol is in part disposed of by non-renal 
means, probably metabolic, it cannot be used 
as a measure of extracellular fluid space.**^ 
Such a circumstance would render invalid 
calculations of glomerular filtration rate in 
which the rate of infusion is substituted for 
the rate of excretion, UV, in the clearance 
formula C UV/P after the plasma level, 
P, has become constant/ or from the falling 
curve of plasma concentration without urine 
collection,^ if mannitol is used as a test sub- 
stance, Since the publication of the constant 
infusion technic for determining renal clear- 
ances,^ we have routine^ infused our test 
solutions, mannitol and para-aminohippurate, 
from a syringe with a motor driven worm 
screw, and our data on subjects with rela- 
tival}^ normal renal function, in cases where 
both infusion solutions and urine were ana- 
lyzed, indicate no extra-renal loss when man- 
nitol recovered in the urine is balanced 
against that infused. In these tests, a period 
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Medical Research Fund to tlie Department of 
Pharmacology aiid in part from the C. Mahlon 
Kline Pund for Developments in the Department 
of Medicine. 
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of one hour, when possible, was allowed for 
equilibration, urine was collected by catheter 
with bladder washing and clearance periods 
were usually 20 minutes or longer. Plasma 
levels varied from 100 to 50 mg%. jMannltol 
was determined by a modification® of Smith’s 
method" in most cases and by the colorimetric 
method^ in a few. Total para-aminohippurate 
ivas determined by a modification of Smith’s 
method.® 

Restilts. Our data are presented in two 
groups. The first, the unselected series, con- 
sists of all patients in whom both urine and 
infusion solutions were analyzed and con- 
tains 92 clearance periods in 29 tests on 22 
patients with relative!}^ normal renal func- 
tion, 

The average urinar}'” recovery^ of mannitol 
for all 92 periods was 100.4 mg for every 100 
mg injected (range 62 to 156). The standard 
deviation of this series is 16.7; standard 
error of the mean 1.74. For the difference 
100.4-100.0 the t value is 0.23, indicating 
that the amount recovered in the urine does 
not differ significantly from that injected. 

In many of the clearances satisfactory man- 
nitol plasma equilibrium was not achieved 
due to inaccurate preclearance estimation of 
renal function, a priming dose of improper 
size, changing renal function, etc. In addi- 
tion, some periods are inaccurate due to tech- 
nical difficulties such as obvious urine collec- 
tion errors, chemical anah^tical errors, pump 
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TABLE II. 

Noeturnnl Gastric Secretion: Average Volume, Free Acidity, and Output Free Hydrociiloric 

Acid. 


Xormnl 

Duodenal ulcer (series Xo. 1)* 

Active uncomplicated duodenal ulcer (present series) 
Healed uncomplicated duodenal ulcer (present series) 


Tol. 

(cc) 

Free ncid 
(Cl units) 

Mg free 
HCI 

581 

29 

661 

1004 

01 


1047 

58 

2208 

1002 

54 

1957 


* For complete data see reference 2, 


seemed desirable therefore to measure the 
nocturnal gastric secretion in a group of 
patients with uncomplicated active duodenal 
ulcer having distress, and to repeat the same 
determinations in the same individuals during 
a period when the ulcer was healed and symp- 
toms were not present. 

Methods. The 12-hour nocturnal gastric 
secretion was measured in 13 patients with 
duodenal ulcer during a period when their 
ulcer was easily demonstrable roentgenolog- 
ically and when typical distress was present. 
The studies were repeated in the same indi- 
viduals after medical treatment had led to 
healing of the ulcer roentgenologically and 
to the complete subsidence of symptoms; the 
latter studies were carried out 2^ months 
to 2^ years after the ulcer was known to 
have healed. 

The methods of study were identical with 
those described previously,^ enabling a 
strict comparison with our earlier observa- 
tions. All data were submitted to statistical 
analysis. Previous studies have shown’-'* that 
in the same individual with duodenal ulcer 
the total volume of the nocturnal gastric 
secretion on the average varies by approxi- 
mately 20% and the free acidity and output 
of free hydrochloric acid by approximately 
25%. This spontaneous variation was taken 
into account in evaluating the present results. 

Results. The data for total volume, free 
acidity and output of free hydrochloric acid 
in the 12-hour nocturnal gastric secretion in 
the same individual during the phase of active 
ulcer and again during the period of healed 
ulcer are presented in Table 1. The volume 
was unchanged in 9, significantly greater in 3, 
and significantly diminished in 1 (Case 6). 

a Levin, E., Kirsuor, J. B., Palmer, \\\ L., and 
Butler, a, Gastroenterology, 1948, 10, 939. 


The free acidity of the total volume was 
unchanged in 11, and diminished in 2 (Cases 
1 and 6). The output of free hydrochloric 
acid was unchanged in 9, significantly greater 
in 3, and diminished in 1 (Case 6). For the 
entire group there were no significant differ- 
ences in the average volume, free acidity and 
output of free hydrochloric acid before and 
after healing of the ulcer (Table II). 

The present data, in agreement with that 
obtained in previous studies^--’^ (Table II}, 
indicate that the average nocturnal gastric 
secretion in patients with uncomplicated 
duodenal ulcer and also in patients with healed 
uncomplicated duodenal ulcer is significantly 
greater than that of normal healthy indi- 
viduals. Furthermore, the average night 
secretion of patients with healed uncompli- 
cated duodenal ulcer is not significantly dif- 
ferent from that of patients with duodenal 
ulcer requiring hospitalization because of 
distress (Series I),^”'^ 

The hourly pattern of acid secretion after 
the ulcer had healed was the same as had been 
noted during the period of active ulcer. The 
secretion of acid in all individuals in this 
series was continuous and was maintained at 
a relatively higher level than is seen in normal 
individuals. In no instance were there periods 
of anacidit}^ for as long as one hour. 

The persistence of hypersecretion in the 
vast majority of cases after healing of 
duodenal ulcer emphasizes the importance of 
continued careful antacid therapy in such 
patients. 

Conchiswus. 1. In the same patient with 
duodenal ulcer the 12-hour nocturnal gastric 
secretion is usually unaltered with healing 
of the ulcer. 

2. The average 12-hour nocturnal gastric 
secretion of patients with active ulcer is not 
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TABLE I. 


Some Effects of Triple Parabiosis in Eats — Joined from Days 25 to 50 and from Days 40 to 50. 



Days 

Joined 

No. of 
Animals 

Body vrt 
(g) 

Avg organ wt in mg per 
100 g body Avt 

Ovaries 

Ltenis 

T hymns 

Center female 

25-50 

8 

96 

257 

333 

76 

(attached to castrated male) 

40-50 

11 

108 

203 

264 

63 

Eight female 

25-50 

S 

101 

11 

200 

266 

(attached to female) 

40-50 

11 

113 

27 

170 

241 

Female controls 


6 

123 

16 

95 

298 

(littermates of parabionts) 


8 

146 

29 

152 

296 


Discussion- In triple parabiotic' rats of 
which the left member is a castrated male, 
the known ability of gonadotrophic hormones 
to cross the parabiotic union^**^^^ is demon- 
strated by the stimulation of the ovaries of 
the middle female. The apparent lack of 
stimulation of the ovaries in the second female 
suggests that the gonadotrophins are utilized 
completely by the ovaries of the first female. 

The reason for the increase in the weight 
of the uterus of the second female, in the 
absence of any enlargement of the ovaries, 
is not clear. Either there is some transfer of 
estrogen between the 2 females or the ovaries 
of the outer female, though reduced in size, 
are actually elaborating sex hormone. If 
estrogen from the center female is stimulating 
the uterus of the other female, a very high 
concentration of the hormone is indicated 
since it has been demonstrated that at least 

3 Kallas, H., Compt- Mend. Moc. Biol., 1929, 
102, 2S0. 

•t Hill, E. T., J. Bxp. Zool, 1932, 63, 203. 

o Biddulpli, Clyde, Meyer, Eolancl K„ and Gum- 
breck, Laurence G., J, Exp. Zooh, 1941, 88, 17. 


40 times the minimal effective dose must be 
injected into one member of a pair of ovari- 
ectomized females which have been united 
in parabiosis in order to detect uterine stimu- 
lation in the twin.^ If the small ovaries of 
the outer female are stimulating its uterus 
then size of the ovary fails to measure physio- 
logical activity. 

The slight decrease in the weight of the 
thymus of the second female is correlated with 
a proportionate increase in the weight of the 
uterus and is probably also due to the result 
of estrogens since gonadotrophins have no 
direct effect upon the thymus.®*'^ 

Summary, Gonadotrophic hormones from 
a castrated male cross successfully the first 
parabiotic union to stimulate the ovaries of 
the middle female of a set of triple parabiont 
rats. But the gonadotrophins are so com- 
pletely utilized by the center animal that they 
produce no detectable ovarian stimulation of 
the second female. 

c Evans, H. M., and Simpson, AI. E., Anat, Mec., 
1934, 60, 423. 

7 Plagge, James C., J. Morph., 1941, 68, 519. 
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significantly different than in patients with 
healed duodenal ulcer. 

3. Twelve-hour nocturnal gastric secretion 
^ in patients with healed duodenal ulcer and 


who are without symptoms is significantly 
greater * than that of normal healthy indi- 
viduals. 
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Can Gonadotrophic Hormones Cross Two Parabiotic Unions in Rats? 

James C. Plagge. 

From the Department of Anatomy, Conege of lAeilicinc, VniversUy of Wtnoh, Chienpo. 


It has been shown that when 3 rats are 
joined in parabiosis gonadotrophic hormones 
produced by the middle member of the triplet 
set affect both of the other rats at the same 
time.^ The present experiment was designed 
to test the ability of gonadotrophic hormones 
to pass from one lateral member, through the 
middle animal, and into the opposite lateral 
triplet of 3 united rats. Preliminary results, 
reported in abstract form,- have been extended 
and confirmed. 

Methods and Rcstdts, Results are given 
for 19 sets of triple parabionts. Eight sets 
were united on the 25th day of life and 11 on 
the 40th day. A total of 14 single females, 
littermates of the parabionts, were used as 
controls in the two groups. All animals were 
autopsied at the age of 50 days. The results 
for the 2 age groups substantiate each other. 

In producing triple parabiosis the edges 
of the abdominal walls were sutured together 
without establishing a coelio-anastomosis. 
The scapulae were held together by 3 inter- 
rupted sutures. The skin was joined by metal 
wound clips from ear to base of tail after 
removing strips of skin from the adjacent 
sides of each animal. 

Two females from the same litter were 
joined in parabiosis, and a castrated male was 
attached to the left sister to make the triplet 
set. In all but 2 cases the male was a litter- 
mate of the 2 females in the set. The passage 
of gonadotrophic hormones from the castrated 


1 Greep, K. O., Paoc. Soc. Exp. Biol, axp Med., 
1940, 44, 2U. 

npiaggc, James G., Anai. Fee,. 1940, 04, 4S9. 


male to the center female was indicated by 
the enlarged ovaries and uterus and by the 
involuted thymus (Fig. 1 and Table I), The 
female to the right, not directly attached to 
the male, showed no ovarian stimulation, the 
ovaries weighing even less- than those of the 
littermate controls. .The uterus, however, 
appeared to be slightl}^ stimulated and the 
th\mius ver}’* slighth^ reduced in size. The 
stimulated ovaries of the middle female con- 
tained large follicles and large corpora lutea. 

CASTRATED INTACT 

hale females 
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TABLE I. 

Effect of Testosterone Propionate on the Body Weight, Penis Weight and Lengtli of Os Penis 
in Bats Castrated and Hypophysectomized on Day 26 and Injected for 21 Days> 


Xo. of 
rats 

Bailv dose 
test prop, 
mg 

Ago in 
days 

Avg. ’\vt 
gain g 

Avg. \vt distal 
penis, mg 

Avg. length os 
penis, mm 

3t 


21 



2.73 0.11 

3t 


26 



3.33 0.15 

7 


47 

9 

23.5 ±: 1,8(5)^ 

3.20 -+- 0.18 (6) 

5 

.01 

47 

5.6 

57.3 zh 4.5 

3.52.-^- 0.14 (4) 

8 

.1 

47 

21.2 

102.3 H- 4.3 (5) 

3.80 0.12 

7t 


47 

103.6 

8L5 zt 19.3 (5) 

4.1 dr 0.2 (5) 


± — Standard deviation. 

* Pigurcs in brackets indicate the number of rats (when less than the total) used in a cal- 
culation, the penes of those excluded being used for different purposes, 
t formal unoporated controls. 


planes in a way that permitted one to obtain 
representative sections through the greatest 
length and the central part of the os. Meas- 
urements of the bone were made with a cali- 
brated oculo-micrometer. Enough of the 
patellae were sectioned and stained to provide 
the information that this cartilage, showing 
only the earliest signs of ossification on day 
26, changes in the 3 weeks after hypophysec- 
tomy and gonadectomy even in the untreated 
rats to a well ossified structure somewhat 
smaller* than in the 47-day-oId normal animals. 

Results. Table I summarizes the results. 
It was known from previous experiments 
carried out in this laboratory that hypophj^- 
sectomized rats of this age might be expected 
to gain slightly in weight. The average 
%Yeight increments of 9 g in 21 days for the 
operated controls and 5.6 g for the rats on 
the 0.01 mg level of testosterone propionate 
are not considered unusual, but the 21.2 g 
gain with a range from 15-32 g in the 8 rats 
receiving the higher dose of androgen must 
be viewed as an effect of the hormone not 
mediated through the pituitary. Although 
this gain in weight (1 g per d^v) parallels 
that observed in hypophysectomized rats 
given low dosage of pituitary somatotrophin, 
it must be considered small (20%) when 
contrasted with the weight increment in 
normal control rats of this age. However the 
penes of the operated rats injected with the 
0.1 mg level of testosterone propionate had 
developed at a slightly faster rate than those 
of the normal animals; and the average weight 
of their distal segments exceeded that of the 
normal rats by 25%. The os penis of the 


androgen-treated rats, then, may be consid- 
ered a bone within an organ growing even 
more rapidly than in the normal animals. The 
higher dose of androgen permitted the os penis 
to attain a length approximately 19% greater 
than the uninjected, operated controls and 
92% as great as normal rats of a similar age. 
The lower dose was less effective as may be 
seen in Table I. The main histologic findings 
are represented in the photomicrographs and 
briefly summarized in the legends. 

Discussion. Adequate discussion of these 
findings must be postponed until further ex- 
periments are carried out to determine the 
possible intermediary role played by organs 
other than the pituitary (e.g., the thyroid). 
The growth autonomjr of certain parts of the 
skeletal system as shown by tissue culture 
experiments'* and as re-emphasized by the 
Dutch investigators who witnessed bone 
growth in rats hypophysectomized on day 5^ 
has a place in final interpretations. 

The present findings support the earlier 
evidence that testosterone propionate may 
cause skeletal growth changes^ and body 
weight increase^’-" in rats in the absence of 
the pituitary. This in no way detracts from 
the importance of the pituitary’s role in pro- 
moting growth. Rather, it suggests that 
along with its so-called direct growth hormone 

Foil, n, B., and Robinson, E., Uiochem. .7., 
1929, 23, 767. 

^Van Eck, W. F., and Freud, J., Jet a hrev, 
XeerL, 1941, 11, 43. 

c Leonard, S. L., J^naocrinoh, 1943, 32, 229. 

7 Gordon, G. S., Evans, H. M., and Simpson, 
M. E., EnUocrinoL, 1947, 40, 375. 
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Androgen-Induced Growth of the Os Penis of Hypophysectoniized- 
Gonadectomized Rats.* 

\Y. G. Thvberg and WiLtiAisr R. Lyons. 

From ih€ Division of Anatomy and Instiinie of Experimental Eiolofjy, University of Cnlifornuu 

Berkeley j Calif, 


It was concluded from earlier experiments 
carried out by other investigators in this Jab- 
orator}'^ that under certain circumstances tes- 
tosterone propionate promoted growth of car- 
tilage and bone in the proximal tibial epiphysis 
of hypophysectomlzed rats. In the report of 
that work it was suggested that explanations 
for apparent discrepancies noted in the litera- 
ture dealihg with the effects of androgens on 
bone growth ma}'^ be found in such variables 
as agC; sex, dosage, length of treatment, etc. 
In the experiment outlined below a new vari- 
able has been introduced in that the bone 
chosen for study, the os penis, is peculiarly 
situated in a region that might be expected to 
be affected profoundly by the deprival or 
varying supply of androgenic substances. 
Using normal and castrated rats with intact 
pituitaries Turner et air showed that testo- 
sterone propionate accelerated the develop- 
ment of this bone as judged by skiagrams. 

Experhnenfal. It was previously deter- 
mined** that rats of the Long-Evans strain 
gonadectomized on daj* 26 and injected daily 
thereafter for approximately 3 weeks with 
0,01 mg of testosterone propionate would 
show growth of the penis and splitting of the 
balano-preputial epithelium comparable to 
that of the normal animal. This dose was 
therefore assumed to approximate the daily 
average equivalent of androgen to which the 
normal animal was e.xposed during that period 
of life. As may be seen, then, from Table I 
some rats hypoph^^sectomized and gonad- 

Aided by grants from flic Kesearch Board of 
the University of California. 

1 Simpson, M. K., Marx, W.. Becks, H., and 

Evans, II. M., isndoeriHot,. 300. 

2 Turner, H. Ik. Laehinann, E., and IfeUbaum, 

A. A., Endocrinol, 1941, 20, 425. 

a Lyons, W. R., Berlin, I., and Fricdlandor. S., 
Endocrinol* 1942, Bl, 059. 


ectomized on day 26 were immediately started 
on this daily dose of testosterone propionate^ 
while others received 0.1 mg. Control animals 
also doubly- opera ted on day 26 received 0,1 cc 
of sesame oil, the volume of diluent used for 
the hormone. 

Terminal normal controls were obtained 
from the same litters as the experimental rats 
and kept on the same regime of diet and 
care. Control tissues from 21- and 26-day-oId 
normal rats as well as from full grown animals 
were also studied. In this preliminary experi- 
ment the rats were allowed to eat ad lib., but 
it is planned to control the important variable 
of food-intake in a future experiment in this 
series. Animals were weighed on days 5, 10, 
15, and 21 of the e.xperiment and it ^Yas 
obvious from the appearance of the food cups 
and the weight gains that the operated animals 
ate well, although never as much as the normal 
controls. On the other hand, the normal 
rats were more active and possessed better 
bod}' tone. 

At necrops}' the penis trimmed of skin, 
and a patella from each animal were fixed in 
Bouin^s fluid, and the operative sites were 
checked for completeness. After 2 days in 
Bonin’s fluid the os penis becomes decalcified 
as Judged by skiagram, but the tissues were 
also exposed to 5 parts of concentrated HCI 
volume) to 95 parts of. the graded alco- 
hols (50-100%) over another 2-da\^ period. 
At the 80% alcohol stage the penis was uni- 
formly cut in such a way that the final block 
of tissue consisted of the distal segment and 
only the bend of the proximal segment. After 
the excess fluid was removed from these 
blocks of tissues the\' were weighed (see 
Table I). The penis was cut in dorso-ventraJ 

* Gouerotisly supplied t»y Oiba JUjarwj.n'ciJfical 
Products, I lie., Summit, X. J. 
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Pig, 1. Tlie os penis of a rat castrated and hypopliysectomized on ^day 2G and injected, subcutane- 
ously, daily, thereafter for 21 days with 0.1 nig tktosterone propionate in sesame oil. :^\ecropsy one day 
after the last injection. Condyles have developed proximally. The completely ossified distal tip: is in 
close contact with the urethra of the glans and is inserted /Igainst a cushion of dense connective 'tissue 
and fibro-cartilage which later forms a secondary ossicle. The marrow cavity is inconspicuous except in 
the cond3dar region. The balano-preputial epithelial cord has split under the influence of the androgen 
to form a horny, papillated covering for the glans (G) and the smooth lining of the prepuce (P), See 
Pig. 6 for higher magnification of the proximal end of tlie os. H. & E. X 25. 

Figs. 2-7. All H. & E. X DO. Proximal end os penis. 

Pig. 2. Prom an onset control rat 26 days old. Cliondrocytes are being formed from the chondrogenie 
tissue (above) and arc being destroyed and replaced by trabeculae of endochondral bone. Periosteal 
bone is also being formed here and was observed throughout the remaining length of the os. The mar- 
row cont.ained but few fat cells. 

Fig. 3. From a P-month-old, unoperated, untreated, normul rat. Apparently the definitive pattern 
of this bone has been attained. Although no cartilage cells were recognized the possibility that some 
of the mesendoTne covering the bone might become chondrogenie remains. The marrow is almost en- 
tirely fatty. 

Fig. 4. Prom a 47-day-old rat, hypopliysectomized and castrated on day 26 and injected only with 
sesame oil as a control. Cartilage has disappeared and osteoblasts line communications between the 
marrow cavitj’ and wliat was formerly perichondrium (above). Most of the marrow is composed of 
fat colls. Some of the rats in this group showed a few remaining cartilage cells in this region of the os. 

Fig. 5, From a 47-day-oId rat, hypophysectomized and castrated on day 26 and injected daily im- 
mediately thereafter with 0.01 mg of testosterone propionate. Cartilage has been maintained and has 
continued to proliferate and to be replaced by bone. 

Pig. 6. Same, except for hormone dosage which was 0,1 mg. The marrow in Figs, 5 and 6 has 
been restored to a condition similar to that of a normal rat of this age (see Pig. 7). 

Fig. 7. From a normal, untreated, 47-day-old rat. 


(somatotrophin) effect and its indirect action 
upon skeletal tissues through thyrotrophin, 
one must also consider the indirect stimulus 
of its gonadotrophic substances responsible 
for the elaboration of androgen. Both male 
hormone and somatotrophin have been shown 
to perform nitrogen sparing (protein-anabolic) 
functions”*® and Rupp and Paschkis have re- 
cently reminded us that thyroid hormone at 
optimal levels is also a protein anabolizer.® 

Summary, Rats hypophysectomized and 
castrated on day 26 and injected immediately 
thereafter with 0.1 mg testosterone propionate 

SKochakian, C. B., Conference on Metabolic 
Aspects of Convalescence, N. T., 1946, p. 169. 

»Rupp, ,T., and Paschkis, K. E., Abstract 58, 
194S Meeting of the Assoc, for the Study of In- 
ternal Secretions. 


daily for 21 days showed an average daily 
weight gain of 1 g. During the same period 
unoperated, uninjected littermate controls 
gained approximately 5 g daily. The distal 
segment of the penis of these experimental 
animals weighed on an average 25% more 
than the normal 47-day-old controls. The 
ossicle in this portion of the penis of the 
experimental group measured 3.80 :ir 0.12 
mm as contrasted with the normal length of 
4.1 dr 0.2 mm and the original length of 
3.33 dr 0.15 mm for the 26-day-old normal 
and the length of 3.20 dr 0.18 mm for the 
doubly 'Operated 47-day-old controls unin- 
jected with hormone. 

Our attention has been callefl to 
similar findings reported by Sindrnm, I. S., ct al, in 
Acta jS'cc(L Morph,f 1939, 2, 2 36. 
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TABLE I. 

Activity of CI-* in Tissue Proteins in Counts per nig per 


Organ 

Tryptophan deficiency 

Phenylalanine deficiency 


Cu.Tryptophan 

administered 

CH-Tryptophnn 

administered 

CH-GIycine 

administered 

' ' A 

Supplemented 

Deficient 

Supplemented Deficient 

> 

Supplemented Deficient 

Intestines 

G4.8 

28.9 

43.9 38.8 

197 

174 

Plasma 

52.0 

28.0 




Liver 

41.5 

27.9 

20.3 17.7 

140 

105 

Kidney 

34.9 

21.4 

29.7 20.6 

118 

68.0 

Spleen 

22.7 

9.6 

28.2 17.5 

114 

90.2 

Testes 

19.G 

5.4 




•Stomach 

30.3 

8.0 




Heart 

10.5 

4.3 

8.4 5,1 

43.0 

29.4 

Brain 

10.2 

4.3 




Skeletal muscle 

4.7 

2.7 

4.5 1.8 

23.4 

5.0 

Red cells 

*• mi, „ 

5.0 

2.0 





* TJie (Intn represents the average value of 2 auinials in each group. 


ficiency both when the animals are starved or 
fed. The decrease may be due to a decrease 
in net synthesis of protein or to a lowered 
rate of turnover, or to both combined. The 
deficiency of the amino acid could directly 
limit the quantity of enzymes responsible for 
the incorporation of the label or the effect 


may be an adaptive response. 

Summary. Animals reared on a diet deficient 
in an essential amino acid (tryptophan, phe- 
nylalanine) showed a reduced incorporation 
of tracer amounts of from labeled amino 
acids in the tissue proteins. 
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Passive Transfer of Local Cutaneous Hypersensitivity to Tuberculin, 

M. N. Metaxas and M, Metaxas-Euhler. (Introduced by Merrill W, Chase.) 
From the Sygicne Institute of the XJmvrrsiiy of Zurich, SivUzerland. 


Many attempts have been made in the past 
to transfer tuberculin hypersensitivity pas- 
sively to normal animals, hlost of these 
attempts have been unsuccessful, and the 
positive results claimed by some authors have 
either been seriously contested by others, or 
have been too irregular to be quite convinc- 
ing.^*** A method which insures a readily 
reproducible transfer of tuberculin hypersen- 
sitivity was first described bv Chase^j this 

1 Zinsser, II., anti Mueller, J, H., J. ^xp Ved 
1925, 41, 159. 

2 Bicli, A. R., The Batliogouosis of Tuberculosis, 
p. 398, 2nd priming, SpringfieUl, Cliarlcs C. 
Thomas, 1940. 

3 Chase, M. IV., Pkoc. Soc. Exr. Biou aku 
Med., 1945, ^59, 134, 


method had been previously devised by Land- 
steiner and Chase"* for the passive transfer of 
the “delayed type’’ of skin sensitivity to 
simple chemical compounds. Briefly, it con- 
sists in injecting a suspension of living exu- 
date, spleen or lymph node cells from actively 
sensitized guinea pigs into the peritoneal 
cavity or the blood stream of normal animals, 
following which the latter develop general 
cutaneous hypersensitiveness to tuberculin 
within 1 to 3 days. Using the same or 
slightly modified methods, Kirchheimer and 
Weiser,*' Cummings, Hoyt, and Gottshall/ 

4 Landsteiner, K., and Chase, M. W., Paoc. Soc. 
Exr. Biol, axd Med., 1042, 40, G88. 

5 lurchheuncr, ^V. F., and ^Veiscr, B. S., Pnoc. 
Soc. Exp. Biol, and Med., 1947, 6G, ICG. 
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Effect of Amino Acid Deficiencies on Incorporation of Radioactive Carbon- 
Labeled Amino Acids into Animal Tissue Proteins,* 


DatTATREYA RaO SANADit AND DaVID M, GrEENBERG. 
Fro7n the Division of Biochemistry, University of California Medical 


Comparatively little is known of the effect 
of malnutrition on the metabolic processes of 
the organism. Accumulation of such informa- 
tion is of importance for the advancement of 
biochemistry. In the present investigation 
it is shown by means of isotopic tracer experi- 
ments that deficiency of either of the essential 
amino acid tryptophan or phenylalanine re- 
sults in impaired abilit}^ of the mammalian or- 
ganism to incorporate from labeled amino 
acids into protein. 

The introduction of protein -hydrolysates in 
therapy has led to the development of the 
concept that all essential amino acids must 
be present simultaneously for protein syn- 
thesis and growth. The injection of trj'^pto- 
phan a few hours after the injection of a 
casein-hydrolysate containing no tryptophan 
failed to induce positive nitrogen balance, 
while simultaneous administration of the two 
was successful.^ Melnick and coworkers^ at- 
tributed the lower biological value of soy pro- 
tein compared to that of heat-processed soy 
protein, to a delayed liberation of methionine 
during digestion in the gastrointestinal tract. 
When an- incomplete mixture of amino acids 
was fed to rats and the missing essential 
amino acid supplemented after an interval of 
several hours, the animals did not grow.^ It 
was of interest, therefore, to study the be- 
havior of a tracer dose of a labeled amino 
acid in an essential amino acid deficiency to 
obtain information on the effect of the mal- 
nutrition on the uptake by the tissue pro- 

*^ide(l by grants from the Rockefeller Fouiula- 
tiou and the Research Punds of the Medical 
School. 

t Indian Goverument scholar. 

1 Elman, E., Phoc. Soo. Exp. Biol, and Med., 

1939, 40, 484. 

2 Melniek, D., Oser, B. L., and Weiss, .S., Scicirf, 

1940, lOS, 326. 

3 Geiger, B., /. Xvtr., 1947, 34, 97. 


School, Bcrl'elcy. 

teins of the organism. 

Young male rats (Long Evans strain) were 
placed on a trjptophan deficient diet.** An- 
other litter-mate group received the same diet 
with 0.5% L-tryptophan added. After about 
S weeks, when the s^nnptoms of deficienc.v had 
developed, DL-tryptophan-^-C**** (0.85 y C 
per mg or 105,000 counts per minute per mg) 
was injected intraperitoneally (3 mg per 100 
g body weight). The animals were then 
fasted for 8 hours and sacrificed. Protein 
samples from different tissues ^vere prepared 
for radioactivity assay b}^ homogenizing the 
tissues and precipitating and washing the pro- 
tein with trichloracetic acid followed by wash- 
ings with hot alcohol, alcohol-ether mixture 
and ether. The radioactivity counts were cor- 
rected for self absorption from a curve pre- 
pared by counting a highly radioactive sample 
of protein in layers of different thickness. 

In another series of experiments, phenyla- 
lanine deficiency was produced in male mice 
on a synthetic diet,"’ the control group receiv- 
ing in addition 1.2% DL-phenylalanine. After 
3 to 4 weeks, one set of mice received intra- 
peritoneaUy (3 mg per 100 g body weight) 
carboxyl -labelled glycine (5.37yc/mg) and 
another set received labeled tryptophan (2 
mg/100 g). The animals were killed 8 hours 
after injection as in the previous experiment, 
but in this case they had free access to food. 
The proteins of the tissues were treated as 
before. 

It is seen from the data (Table I) that the 
incorporation of the label into the tissue pro- 
teins is reduced in essential amino acid de- 

'f Berg, C, 1\, and Rose, W. C., d. Biol, ChrvK^ 
1929 , 82 . 479 . 

X Syntliesizcd by Dr. Cliarics IleideJberger ond 
supplied through the griwrositv of Dr. lloUhdhcr^ 
ger ond Pr. Mclviji Calvin. 

r» Womack, M., and Rose, W. C,, J.JiioK Chem., 
1947 , J71, 37 . 
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cc saline subcutaneously, and 15 minutes later 
1.2S cc O.T. + 1.25 cc saline intraperi- 
toneally. Most of the “Fernausldsung” ex- 
periments were carried out in this manner. 

The results of both types of experiment 
were clear-cut. The reactions at the skin sites 
prepared with tuberculous^^ cells ivere w^ell 
developed 16 hours after tuberculin testing 
and usually at their height at 24 hours. At 
this time they presented the aspect of rather 
small but characteristic tuberculin reactions: 
an indurated, blanched or livid area (4-9 mm 
in diameter), surrounded by a diffuse zone of 
erythema significantly wider than before the 
injection of tuberculin (10-15 mm). In sev- 
eral instances the center was hemorrhagic, 
thus completing the picture to that of a typi- 
cal ^^cocarde” reaction. Strongly reacting 
sites became necrotic after 48 to 72 hours, 
and sloughed off in the next few days. It 
should be noted that all the reactions were of 
the delayed type; occasionally very slight 
blanching of a sensitized site was seen as early 
as 7 hours after the O.T. injection, but never 
any earlier. In contrast, no change whatever 
was observed in the control sites after the 
introduction of tuberculin at a remote point, 
and, as has already been mentioned, only a 
slight increase in inflarnmatory symptoms was 
seen after local tuberculin testing. 

By way of illustration in one experiment 
4 young albino guinea pigs received 0.039 cc 
“tuberculous’* cells intracutaneously in the 
right flank, and 0.042 cc “normal” cells in the 
left. The sequence of reactions in one of 
these animals was as follows: 

Forty-eight hours after the cell injections: 
in both flanks areas of swelling and redness 
(6x6 mm) with a small yellowish center 
(1x1 mm). 0.25 cc O.T. -F 0.25 cc saline 
are injected under the abdominal skin, fol- 
lowed 15 minutes later by 1.25 cc O.T. -f 
1.25 cc saline i.p. Immediate shock of mod- 
erate intensity; recovery complete in a few 
minutes. Twenty-four hours later the in- 
flamed area in the left flank is unchanged. 
Reaction in the right flank: 8x9 mm u^ite 


indurated area, sharply demarcated, with 
4x5 mm violet-red (hemorrhagic) center; 
outer zone 10x12 mm angry^ red diffuse mar- 
gin. Forty-eight hours after tuberculin: 
6x8 mm black necrotic center, 10x12 mm red 
outer zone; the former sloughed off in a few 
days. 

Five experiments of the kind described 
above .were performed, involving a total of 
41 animals, 21 of which were used as cell 
recipients. In 15 of these, transfer of tuber- 
culin hypersensitivity was successful, as evi- 
denced by medium to strong tuberculin reac- 
tions at the specifically prepared skin sites. 
In one experiment an attempt was made to 
determine whether local sensitivity is pre- 
ceded by a latent period: the 5 recipients 
used, including one animal tested 48 hours 
after the cell injections, gave negative or at 
best only suggestive reactions, and had to be 
recorded as failures. In another experiment 
the duration of local reactivity was explored; 
this was found to last up to 5 days, and the 
one recipient in the experiment which w’’as 
tested 7 days after sensitization failed to react 
at all. Tests carried out with control gly- 
cerine broth gave entirely negative results, 
whether the broth was injected locally into 
prepared skin sites or intraperitoneally (ivhen 
it also caused anaphylactoid shock). 

Conclusions, The method of local passive 
sensitization so extensively employed in 
human allergy (Prausnitz-Kiistner reaction) 
and in experimental anaphylaxis (Opie and 
others), can also be applied to the cellular 
transfer of tuberculin hypersensitivity discov- 
ered by Chase Compared with the latter’s 
experimental procedure, this method offers 
the advantage of considerably reducing the 
number of cell donors necessary for successful 
transfer. The technic used is, however, sus- 
ceptible of improvement, as in the presence 
of a marked primary reaction of cav\" skin to 
the injection of homologous exudate cells 
none but fairly strong tuberculin reactions 
can be recorded with confidence. 
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and Stavitsk}^’ have obtained sirniiar results. 
The object of the present study was to de- 
termine whether passive tuberculin hypersen- 
sitivity can also be induced locally by the 
intracutaneous injection of exudate cells*^ from 
tuberculin sensitive animals.^ 

The methods were based on those used by 
Chase, ^ and adapted to the special purpose of 
this work outlined above: Guinea pigs weigh- 
ing from 550 to 950 g were used as cell 
donors. They were infected with a recently 
isolated virulent human strain of ilf. tnber- 
cnloshj by the subcutaneous injection of 0.2 
mg (moist weight) of bacilli in saline. 
to 7 weeks later the animals w^ere skin-tested 
with O.T. before each experiment, and those 
showing the strongest reactions were selected 
for the production of peritoneal exudate. 
Each experiment comprised 2 tuberculous and 
2 normal cell donors. All 4 animals received 
30 cc of paraffin oil intraperitoneally. Fort}^- 
eight hours later the}^ were killed, and the 
peritoneal cavities were washed out with 
heparinized Tyrode solution. The tubercu- 
lous” and the ^^normal” exudate cells were 
recovered from the ivashings separately by 
mild centrifugation and washed three times 
in fresh Tyrode. Finally the}^ were made up 
wuth heparinized Tyrode into very thick sus- 
pensions, similar in appearance and consist- 
ency to slightly diluted pus. 0.1 cc of ^Tuber- 
culous” and of ‘‘normal cell” suspension was 
then injected intracutaneously into each flank 
of a young albino guinea pig, 3, 4 or 5 such 
cell recipients (between 250 and 400 g in 
weight) being used in each experiment. A 
few drops of the cell suspension left in the 

G Cummhigs, M. ^1., Hoyt, JI., fiud Gottsliall, 
K. Y., Health 1P47, 02, 994. 

TStavitsky, A. B.. Pnoc. vSoc. Exp. Biol* axd 
Med,, 1948, C>7, 225. 

* H. J- Corper and B. E. Stoner Jjaro aJso at- 
tempted to induce passive local liypersensitivencss 
to tuberculin in guinea pigs by the iutraeutancous 
injection of a mixture of tuberculin and citrated 
whole blood from actively sensitized animals 
(Aincr. Bcr. TuK 305). Tlieir uni- 

formly negative results were probably doe to the 
low proportion of white cells in whole blood, the 
relatively high dilution of tuberculin used, and the 
simultaneous injection of both reagents. 


injection syringe were filled into a short 
capillary tube, which was then centrifuged at 
2,500 r.p.m. for hour. In this tube the cell 
volume/suspension volume ratio could be 
accurateh'^ determined; it amounted to about 
2/5, and as it remained constant on further 
sharp centrifugation, it was adopted as a 
reliable basis on which to calculate the cell 
volume actually injected. Thus each cuta- 
neous bleb contained 0.035-0.045 cc of cells, 
the difference in volume between “tubercu- 
lous” and “normal” cells im any particular 
experiment never being more than 0,005 cc. 
The cells consisted of 57-75% large mono- 
nuclear cells, S-36% lymphocytes, and 6-22% 
polymorphonuclear leucocytes, the “tuber- 
culous” cells usually comprising more lymph- 
ocytes and less polymorphonuclears than the 
“normal” cells. 

The injection of cell suspension elicited a 
marked reaction in the skin of the recipients; 
this consisted, 48 hours after the injection, in 
a moderately indurated circular area of 
erythema measuring between 5 and 9 mm in 
diameter, with a small yellowish center, rarely 
wider than 1 mm. At this time the recipients 
were tested with tuberculin. For this purpose 
two technics were employed: a) the direct 
injection into the prepared skin sites of 0.1 
cc O.T. 1/10; and b) the injection at a dis- 
tant point (intraperitoneally or subcutaneous- 
ly) of 1.0- 1.5 cc O.T., diluted in an equal 
volume of saline. The hrst method was not 
quite satisfactory'^, as the control sites (pre- 
pared with “normal” cells) reacted to the 
direct introduction of tuberculin ivith a slight 
increase in swelling and redness. This was 
entirely avoided with the second method 
(“Fernausldsung”), which was adopted for 
most of the experiments. The intraperitoneal 
injection of O.T., however, in the amounts 
mentioned abo\'e, resulted in every case in a 
fairly severe (but never lethal) anaphydactoid 
shock. On the other hand, the subcutaneous 
injection of 1.5 cc of undiluted O.T. was un- 
satisfactory, owing to protracted absorption 
of the depot, which remained visible through 
the abdominal skin for several day’s. It was 
felt that the severity of shock was somewhat 
reduced by the following combination of both 
routes of administration: 0.25 ccO.T. -f 0.25 
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the piece of ileum which was subjected to 
frequent stimulation began to show marked 
and reproducible changes in its reaction to 
histamine, it was replaced by a control strip. 
Then, by registering the contractions, it was 
observed w’hether the control strip, which 
had not been stimulated before, showed the 
same types of response. 

ResitUs, In the guinea pig ileum, in non- 
atropinized media, the contractions caused by 
acetylcholine and by histamine mutually re- 
inforced each other during the first hour after 
death. (Fig. 1, 2). Toward the end of the 
third hour when histamine was added to the 
bath, after the intestine had been contracted 
by acetylcholine, there was a small initial 
contraction immediately followed by a pro- 


O 



Fig. I. 

Effect of acetylelioliue and liistamine on the 
isolated guinea pig ileum liour after death of 
the animal. Consecutive contractions are additive. 
Time in 30 second intervals. 



Fig, 2. 

Effect of histamine and acctvlcholinc on the 
isolated guinea pig ileum tl* hour after death of 
the animal. Time in 30 second intervals. 



Fig. 3. 

Effect of acetylcholine and histamine on the 
isolated guinea pig ileum 3^/^ hours after death 
of the animal. Histamine causes relaxation Avhen 
added after acetylcholine. 



Fig. 4, 

Effect of histamine and acetylcholine on the 
isolated guinea pig ileum 31,4 hours after death 
of the animal. Acetylcholine reinforces the con- 
traction caused hy histamine. 

found relaxation. The muscle then recovered 
and gradually reached the level of contraction 
attained prior to the addition of histamine, 
(Fig. 3.) The situation was different when, 
at the height of a histamine contraction, 
acetylcholine was added to the bath. 
Acetylcholine always reinforced the his- 
tamine contraction. At the beginning of 
the experiment simple summation occurred. 
However, toward the end of the third 
hour, the contraction initiated by the 
addition of acetylcholine w^as interrupted by 
a series of large peristaltic waves. These in- 
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Action of Acetylcholine, Histamine and Cholinesterase Inhibitors on 
Isolated Ileum in Relation to its Survival Time,"^ 


Peter Flesch and Ernest Kun. (Introduced by E. I\I. K. Ceiling.) 
From the Department of Fharmacolopp^ University of Chieaoo. 


In preliminary experiments it was found 
that the atropinized ileum of the guinea pig 
began to react to acetylcholine 2}^ hours 
after the death of the animal. Observations of 
this nature were made by Le Heux/ who 
showed that the rhythmic peristaltic contrac- 
tions of the isolated guinea pig ileum could no 
longer be blocked by atropine after the intes- 
tine had been kept in Locke solution for several 
hours; he also noticed a similar behavior in 
the isolated small intestine of the rabbit. We 
therefore decided to study the correlation be- 
tween the time elapsed after death and the 
responses to acetylcholine, histamine and vari- 
ous cholinesterase inhibitors of the atropinized 
and non-atropihized intestinal strips of several 
species of animals. 

ExperhnentaL Guinea pigs, rabbits, rats 
and chickens were used. Strips of ileum were 
suspended in a Tyrode bath of 45 ml at 37® C. 
The temperature of the bath for the chicken 
intestine was kept at 41 °C. The experiments 
were started within 15 minutes after death. 

At the beginning of each experiment, several 
successive doses of 5 to 10 /xg acetylcholine 
bromide were added to the bath. At the 
height of the second contraction caused by 
acetylcholine (one minute after addition of 
the drug), histamine phosphate was added to 
the bath. After each contraction, the Tyrode 
solution was changed and a resting period of 
3 minutes was allowed. 

Acetjdcholine bromide and histamine phos- 
phate were added in amounts which caused 
submaximal contractions. Satisfactory re- 
sults were obtained by adding the following 
doses, expressed in /xg, to a bath of 45 ml 
volume: 

* This work wns aided hy a grant from the 
Office of Xnval Research X(5ori-20, Task Order H, 

ILO Heux, L W., Arch. /. d. Physiol.. 1020, 
179, 177. 


Guinea 

pig Eat Enhhit Chicken 

AcctrJel/oiine 

bromide 0.2-O.u 0.2-0.G 0.2-0.() 0.05-0.3 

Histauiino 

pliosphate 0.5-1.0 GO. -150 10. -40 5. -10 
These doses correspond to those recommended 
by other authors.'"^ 

The cholinesterase inhibitors were used in 
the following amounts: Physostigmine sulfate: 
0.5-10 pg; neostigmine methylsulfate: 1-10 
ftg; hexaethyl tetraphosphate: 10 /xg. 

When the intestine was treated with both 
acet^dcholine and histamine, the second drug 
was added only after the first contraction had 
reached its maximum. The same precaution 
was obser\j’ed when histamine was followed 
by acetidcholine. 

In one series of experiments the intestinal 
strips were suspended in atropinized Tyrode 
solution. The intestine was considered to be 
completely atropinized when it failed to re- 
spond to repeated additions of 10-50 yg ace- 
tylcholine bromide. For this purpose the fol- 
lowing concentrations of atropine were found 
to be satisfactory: I mg atropine sulfate per 
liter Tyrode for the guinea pig, 2 mg per 
liter for the rat and 3 mg per liter for the 
chicken and rabbit. Histamine was used in 
the same amounts as in the case of non- 
atropinized intestines. 

In all experiments control strips from the 
same animal were kept in regular and atropin- 
ized Tyrode solution for several hours at room 
temperature or in a bath at 37®C When 

*- Lory, J., iiiid li., J. Physiol, et PUnrm. 

pen.. 1037, 155, 380. 

'J Kahlson. G., Arch. f. exp. Path. ii. Pharntol’oLf 
1934y 17.5, ISO. 

•I Page, I. H., and Schinulc, E., f. Physiol. 
Chan.. 1030, 191, 202. 

Ambaclic, X., J. Physiol.t 3040, 104, 206. 
r.Erspamcr, V., Arch. f. exp. Path. u. Phnrma 
}:oh, 1040, 19G, 343. 
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choline and to histamine, A decreased sensi- 
tivity of the isolated guinea pig ileum to hista- 
mine in the springtime has been reported by 
KwiatkowskiJ 

In all experiments, the atropinized ileum of 
all 4 species did not react to acetylcholine and 
to the cholinesterase inhibitors during the first 
2 to 3 hours after death. At the time when the 
non-atropinized intestine began to fail to 
contract from histamine, the responses of the 
atropinized muscles to acetylcholine and to 
cholinesterase inhibitors were no longer block- 
ed by atropine in the same concentration 
which was sufficient to inhibit the action of 
acetylcholine immediately after death, A 
typical experiment is shown in Table I. 

Disatssion, From our exT^eriments it 
seems that several hours after death a certain 
change occurs in the intestinal muscle. This 
change in the surviving tissue results in a re- 
versal of the response to histamine at a time 
when the muscle still contracts to acetyl- 
choline and to the cholinesterase inhibitors. 
These obser\^ations do not support the recent 
theory^ that histamine contracts the smooth 
muscle by causing a liberation of acetylcho- 
line. The different character of the contrac- 
tions caused by histamine and by the cholin- 
esterase inhibitors and the different reactions 
to atropine are also against the theory that 
histamine stimulates the smooth muscle of 
the intestine through a cholinergic mechanism. 
On the other hand, the possibility cannot be 


excluded that there is “an interdependence 
between the sites of attack” of histamine and 
acetylcholine as was suggested by Rocha e 
Silva.® It is also obvious that when experi- 
ments are carried out with isolated intestinal 
muscle, it is necessa^^ to take into account 
the time which has elapsed since the death of 
the animal, particularly when histaminic re- 
sponses and the reactions of the atropinized 
muscles to parasympathetic stimulants are 
being observed. 

Summary. The action of acetylcholine, 
histamine, physostigmine, neostigmine, and 
hexaethyltetraphosphate was studied on the 
isolated ileum of the guinea pig, rabbit, rat 
and chicken in non-atropinized and atropin- 
ized media. In all 4 species the contractions 
caused by acetylcholine and histamine rein- 
forced each other immediately after the death 
of the animal, regardless of the order in which 
they were added to the bath. Two and a 
half hours to 3 hours after death, histamine 
failed to contract the intestine when it was 
added at the height of an acetylcholine con- 
traction, In the rat, rabbit and chicken the 
intestine no longer responded to histamine at 
a time when it still reacted to acetylcholine 
and to the cholinesterase inhibitors. In all 
4 species atropine failed to block the action 
of acetylcholine and cholinesterase inhibitors 
in intestinal strips which were at least 3 hours 
old. 

sHocha e Silva, M., J. ^harm. Exp. Ther,, 1944, 
80, 399. 


" Kmatkowski, H., J. Physiol., 1943, 102, 32^ 
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TABLE I. 

Seiisitivitj' of t)ie Isolated Guinea Pig Ileum to Acetylclioline at different Inten*nls After 

Eeatb. 


Time after death in min. 

Acetylcholine to 

45 ml bath fluid 

Height of contraction in mm 

10 

10 

42 

. 15 

10 

72 

20 

10 

96 

25 

10 

96 

30 

10 

S7 

At 35 min. afropinized Tyrode 
was added (1 mg atropine 
sulfate/liter) 

40 

10 

0 

90 ■ 

10 • 

0 

120 

10 

0 

135 

10 

0 

140 

10 

3 

150 

10 

9 

ISO 

10 

IS 

195 

10 

15 


creased in magnitude and frequency as the 
experiment proceeded. Eventually" the muscle 
reached a plateau which was invariably higher 
than the one which it maintained after the 
first addition of histamine. (Fig. 4) Control 
muscles kept in Tyrode solution for several 
hours before the addition of histamine reacted 
in the same way as those which had undergone 
frequent stimulation. 

In the rabbit ileum histamine and acetyl- 
choline mutually reinforced each other dur- 
ing the first 2 hours after death. From the 
third or fourth hour on, a summation oc- 
curred only when histamine was followed by 
acetydcholine, but not when acetjdcholine was 
followed by histamine. 

During the first hour after death histamine 
elicited contraction of the rat intestine. As 
early as 2 hours after death the same dose 
of histamine caused relaxation or provoked 
no response. In the chicken intestine, 3 hours 
after death, the reaction to histamine became 
reversed at a time when the intestine T^as still 
responding with the usual contraction to the 
addition of acetylcholine. 

The contractions caused by the cholines- 
terase inhibitors had the following character- 
istics: 1. The response was delayed while the 
response to histamine was ahyavs immediate. 
The delav between the addition of the drug 
and the contraction was most marked in the 
guinea pig. In all 4 species the time interval 


between the addition of the drug and the con- 
traction was longest with physostigmine, least 
pronounced with neostigmine. 2. The re- 
sponse was gradual, f.c., it took several 
minutes before the muscle reached the height 
of its contraction. Within the range of doses 
used, the delay" in the response and the ampli- 
tude of the contraction were largely indepen- 
dent of the dose administered. 3. The intes- 
tinal strips still reacted to acetylcholine and 
to the cholinesterase inhibitors with a con- 
traction at a time when histamine provoked 
no more response or relaxation only. 

A total of 12 experiments was carried out 
on rabbits, 20 on rats and 9 on chickens. Of 
these 9 rabbits, IS rats and 6 chickens showed 
the above described phenomena. Without 
exception, the small intestines of the individ- 
uals which did not undergo these changes^ re- 
sponded with unusually" sluggish contractions 
both to acety"lchoHne and to histamine. In 
some instances such delay’ed responses could 
be ascribed to the fact that the animals were 
old, or that the intestines had been subjected 
to prolonged handling before stimulation. 
However, in the case of the guinea pig, in all 
24 animals which were used during the winter 
months, the reaction of the intestine under- 
went the changes described ^ above. ^ In S 
experiments which were carried out in the 
spring on the same strain of guinea pigs, the 
intestine reacted in a sluggish way' to acetyl- 
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TABLE 1. 


Renal Plasma Flow in cc per Minute, Corrected to 1.73 sq. m. Body Surface, During and After Work 
of Belfltively Long Duration at the Bate of 3 m.h.p» at o^c Grade. 


Subject 

Basal 



Work 




Recovery 


20 min. 

40 min. 

1 hr 

2 Ur 

3 hr 

20 iniiu 

40 mill. 

> 

60 min. 

BS 

512 

41G 

315 

332 

360 

355 

452 

458 

471 

PIV 

57G 

499 

487 

459 

425 

425 

— 

— 



o23 

484 

431 

452 

434 

462 

— 

557 

723 

SN 

607 

466 

385 

402 

345 

399 

456 

566 


Menu 

555 

466 

405 

411 

391 

410 

454 

516 

578 


.work of tJiis type, the increase in pulse rate 
and oxygen uptake, for example, are maximal 
10 to 15 minutes after initiation of exercise. 

Presumably, as the subject approaches ex- 
haustion other changes in the renal plasma 
flow take place but in none of our experi- 
ments were the subjects seriously taxed by 
the work imposed. 

Recovery was studied in 3 subjects for one. 
hour after cessation of exercise. Although 
the number of experiments is too small to 
permit statistical testing, the speed of the 
recovery process after 3 hours of exercise 
seems to be much the same as after only 32 
minutes of this work. In neither case was it as 
rapid as retut n of the pulse rate or blood 
pressure to resting levels. 


Siamnary, L Renal plasma flow was 
studied by the para-amino-hippurate clearance 
method during moderate exercise of relatively 
long duration in 4 healthy young men. 2. 
During the first 16 minutes of walking 3 
m.p.h. at 5% grade the renal plasma flow fell 
from 9 to 23.2% (of the resting control); 
during the second 16 minute period it fell 
from 15.4 to 36.6% and during the third 16 
minute period from 18.5 to 33.7%. 3. 

During the second and third hours of e.xer- 
cise (2 consecutive 56-minute periods), there 
was little further change in the renal plasma 
flow, 4. In 2 of 3 experiments where recovery 
was studied, the renal plasma flow had re- 
turned to within 10% of the resting control 
value one hour after cessation of exercise. 
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Asymmetrical Suppression of Vertebral Epiphyseal Growth with Ionizing 

Radiation. 


Alvin Arkin, Norman Simon,- and Robert Siffert. 
(Introduced by L. J. Softer.) 

rrom ihc Orthopedic and JiaduiiioTi Thcrapp Services, Mount 


Ionizing radiation can suppress growth of 
epiphyses. Many studies of this phenomenon 
have been made on long bones, but only 
ErigeJ^ has previously described the deformi- 
ties resulting from irradiation of the growing 
spine. He placed radium needles alongside 
the spines of young goats and produced a 
wedge deformity of the adjacent vertebrae. 

Diizian Research Fellow ^ 

iKiigel, D., Jm. J, Jtoentpcuol mul Pod. 
ffpj/. 1 ^ 39 , 42 , 217 . 


Sospitdl, Xcw Yorh dtp. 

The narro%ving of the vertebrae occurred on 
the .side nearer the radium, and the resultant 
scoliosis was concave on the same side. 

We have tried additional technics in radia- 
tion of the spine in growing animals. Using 
radon seeds for interstitial radiation and 140 
kV .%'-rays for e.vternal radiation, our pre- 
liminary experiments have attempted to es- 
tablish a useful dosage range for suppression 
of vertebral epiphyseal growth in babv 
rabbits. 
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Renal Plasma Flow During Moderate Exercise of Several Hours’ Duration 

in Normal Male Subjects. 

Carleton B. Chapatan, Austin Henschel, and Arthur Forsgren. 

From the Laloratortj of Physiological Hygiene, University of Minnesota. Minneapalh, Minn, 


That exercise produces a decline in renal 
plasma flow is now established.^-- In a pre- 
vious report- the degree of reduction was 
found to be progressive for at least 30 minutes 
as ex'ercise proceeds and was directly related 
to the severity of the exercise. The effects 
of long-sustained exercise have not, to our 
knowledge, been determined and it is with 
this topic that the present report deals. 

‘ Method, Technically the method em- 
ployed in this work was identical with that 
previously described- except that the time 
spent on the treadmill totalled 3 hours. Para- 
amino-hippurate was used to determine renal 
plasma flow. As in the previous experiments 
a moderate water diuresis was instituted and 
urine samples were collected by voluntary 
micturition. The exercise was at the rate of 
3 miles per hour at 5% grade. 

Material, Four normal male students, 
aged 22 to 27 years, were employed for the 
study. Three of the subjects had been 
studied extensively in previous e.xperiments 
on the effects of exercise of relatively short 



Changes in renal plasma flow in 4 normal male 
subjects during and after walking 3 m.p.h. at 

grade. 

”Barcl^, J., Cooke, W., Kennedy, and Nutt, 
M., Physiohy 1945-46, 10-4, 14P, 

2 Oinpman, C., Hcnschel, A,, Xlincklcr, .1,, Tors- 
gren, A., and Keys, A., J. Clin Invest,, 1048, 27, 

639 . 


duration. A single experiment employing ex- 
ercise of long duration was done on each 
subject. 

Results, Fig, I and Table I summarize the 
effects of long-continued e.xercise on the renal 
plasma flow in these 4 subjects. At this level 
of exercise the renal plasma flow declined to 
a relatively stable value during the first 40 
to 60 minutes of exercise. The value reached 
during the first hour was relative!}^ well main- 
tained in these 4 subjects for the remaining 
2 hours of e.xercise. The degree of decline in 
the first 32 minutes of work corresponded 
almost exactly to that determined in previous 
experiments- at the same lev-el of work. 

In 2 of the subjects the renal plasma flow 
had returned to within 10 per cent of resting 
lev^els 40 minutes after cessation of work. In 
a third subject the resting value was slightly 
exceeded at the end of 40 minutes. No 
studies of recovery were carried out on the 
fourth subject. 

Discussion, The decrease in renal plasma 
flow in response to moderate exercise is, it 
appears, a progressive phenomenon onh' dur- 
ing the first 40 to 60 minutes of the exercise. 
Continuation of the stress for 2 full hours be- 
yond this point resulted in no further decline 
in the amount of plasma flowing through tlie 
kidney. It is well established that the cardio- 
v^ascular system can adjust relativ’ely quickl}" 
to various levels of work, permitting the work 
to be continued without further circulatory 
adjustment until the subject approacJies the 
point of exhaustion. That the kidney partici- 
pates in the circulatory changes is clearly 
shown in this and previous e.vperiments. The 
shunting of blood away from the kidney 
reaches a maximum relative^' earb' in sus- 
tained exercise and is continued until the work 
ceases. The adjustment of renal plasma flow 
in response to exercise is, hovv'ev'er, not as 
rapid as some other circulatory changes. In 
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Fig. 3. (Tracing from roentgenogram). 

This shows the spine of a three week old rabbit 
“with 1X7 cm radiation field indicated by dotted 
line. Dose to the middle of the vertebral bodies 
involved was lOOOr. 


gastro-intestinal infections. The five surviv- 
ors received dosages to the region midway be- 
tween the anterior and posterior surfaces of 
the vertebral bodies of lOOr, 3S0r, 700r, or 
lOOOr. Only the 2 animals which received 
the highest dosage showed marked wedging 
on the irradiated side of the vertebrae. (Fig. 
4). Slight wedging was seen in an animal 
which received 700r. 

Summary. The lumbar spines of 30 young 
rabbits were unilaterally irradiated with 
radon seeds and X-rays. Twenty-one 
animals died of gastro-intestinal disturb- 
ances unrelated to radiation. Five of the 9 
survivors showed wedging of the vertebral 
bodies with the narrowing of the bodies on 



Fig. 4. (Tracing from roentgenogram). 

This shows the spine of the same rabbit 54 days 
later. Wedged vertebrae are indicated by arrows. 

the more heavil}^ irradiated side. Dosage 
estimates indicate that growth of the epi- 
physes of the vertebral bodies of baby rabbits 
may be suppressed with 700 to 1000 r to the 
epiphysis. Doses of 350 r or less have no 
apparent effect on the growth. 



172 


Suppression of Vertebral Epiphyseal Growth 


Interstitial Radiation. Radon seeds were 
implanted just lateral to* a lumbar interverte- 
bral space. Films of the spine were made with 
seeds in sHn (Fig. 1) in order to evaluate 
positioning and dosage. Fourteen rabbits had 
a total of 24 seeds implanted; 10 rabbits had 
two seeds in each, and 4 animals had 1 seed in 
each. These seeds were equivalent to 0.2, 0.4, 
or 0.6 millicurie of radium on total decay and 
were filtered b}^ the equivalent of 0.3 mm 
of platinum. Of these 14 animals 10 died of 
gastrointestinal infections less than 3 weeks- 
after implantation of radon seeds. The 4 sur- 
viving animals had a total of 6 seeds. Wedg- 
ing occurred adjacent to 2 seeds, both of which 
were placed in apposition with the interverte- 
bral space and contained 0.6 me of radon on 
total decay. (Fig. 2) Other implanted sites 
did not show wedging because of poor posi- 
tioning of seeds or lower radon content of the 
seeds. 

External Radiation. Asymmetrical radia- 
tion of the growing epiphyses of the vertebral 
bodies was also effected by directing a narrow 
beam of x-rays to one side of the lumbar 
spine. Under intravenous anesthesia to im- 
mobilize the rabbits one side of the spine was 
treated with dosages (in air) ranging from 



300 to 1200r. Radiation factors were: 140 
kV, 20 ma., 30 cm target skin distance, filtra- 
tion of 0.25 mm Cu, and 1 mm AI., HVL 0.50 


^ 1 □ 

vlW 

Fjc 1 fTracxnff from roentgenogrnm). 

Anteroposterior an.l Interal 
made immcdiatelv after implantation to slioi 
position of implanted radon seed (arron). The 
spine is straiglit. 


Fig. 2. (Tracing from roentgenogram). 

Same rabbit as in Fig. 1. This film was made 
110 days after implantation of radon spe<l and 
illustrates asymmetrical growth of both vertebrae 
adjacent to the O.C me. radon seed (arrow). In 
this instance the middle of the epiphyses ne.arest 
the seed received an estimated dose of 2GS0r while 
the opposite side of these vertebral epiphyses re- 
ceived 670r. The growth suppression varied di- 
rectly wdth the dosage. 

mm Cu., and a flux of 60 r/min. The field 
size was 1x7 cm, and the dose at the middlet 
of the vertebral bodies at a depth of 2.5 cm 
was 70^ of the air dose-'^ at the center of 
the field. Accuracy of field was verified by 
exposing x-ray films with the rabbits under 
anesthesia and with the therapy machine in 
place ready for treatment (Fig. 3). 

Of rabbits irradiated externally 1 1 died of 

t Midway between anterior and posterior edges. 

2 Glasser, O., Quimby, F. H., T.nylor, L. S.. .and 
Wentherwax, J. L., Physical Foundations of I?n- 
diology, Paul B. Koeber, Inc., X. Y., 3P44. 
a Clarkson, J. P.* Bri7. J, 1041, 14, 
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Fig. 3. (Tracing from roentgenogram). 

This shows the spine of a three week old rabbit 
wdth 1 X 7 cm radiation field indicated by dotted 
line. Dose to the middle of the vertebral bodies 
involved was 100 Or. 

gastro-intestinal infections. The five surviv- 
ors received dosages to the region midway be- 
tween the anterior and posterior surfaces of 
the vertebral bodies of lOOr, 350r, 700r, or 
lOOOr. Only the 2 animals which received 
the highest dosage showed marked wedging 
on the irradiated side of the vertebrae. (Fig. 
4). Slight wedging was seen in an animal 
which received 700r. 

Suvtinary. The lumbar spines of 30 young 
rabbits were unilaterally irradiated with 
radon seeds and X-rays. Twenty-one 
animals died of gastro-intestinal disturb- 
ances unrelated to radiation. Five of the 9 
survivors showed wedging of the vertebral 
bodies with the narrowing of the bodies on 



Fig. 4. (Tracing from roentgenogram). 

This shows the spine of the same rabbit 54 days 
later. Wedged vertebrae arc indicated by arrows. 

the more heavily irradiated side. Dosage 
estimates indicate that growth of the epi- 
physes of the vertebral bodies of baby rabbits 
may be suppressed with 700 to 1000 r to the 
epiphysis. Doses of 350 r or less have no 
apparent effect on the growth. 
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Urinary Excretion of Aureomycin.^ 


H. S. CoLLiNSj E. B. Wells,' T, F. Paine, Je.,^ and Finland.!^ 

From the ThorndiJ:e Memorial Lahoratorif, Siccond and Fourth Medical Services {Harvard}. 
Hoston City Hospital, and the Vepartment .of Medicine, Harvard Medical School, Boston, Mass. ' 


Aureomydn is a new antibiotic which is 
active against many granvpositive and gram- 
negative bacteria and also against certain viral 
and rickettsial infections^ As part of a clinical 
trial of this antibiotic in a number of infec- 
tions, bacteriologic and pharmacologic studies 
were also carried out in this laboratory. The 
results of the bacteriological studies are re- 
ported elsewhereP In this paper are presented 
some preliminary findings on the urinary ex- 
cretion of aureomycin after single and mul- 
tiple doses. 

Two normal adult male subjects were given 
a single dose by mouth in the morning on a 
fasting stomach; one was given 0.5 g and the 
other 0.75 g. Each subject emptied his bladder 
just prior to taking the dose and the urine 
thus voided was used as a control. The blad- 
der was then emptied at intervals, the volumes 
of urine recorded and aliquots immediately 
filtered, frozen and stored at -20 °C. After 
all the urines had been collected, each speci- 
men was assayed for aureomycin b 3 " a method 
similar to that used by Kammelkamp for 

* Aided by .'i grant from the United States 
Public Health Service. 

t Bescarch Pellow in tlie Field of Vims Dis- 
eases, National Bescarch Council. 

t Kesearcli Fellow, American College of Physi- 
cians. 

§ Clare Wilcox, Janice M. Bryan, and Paul F. 
Frank rendered teehnical assistance. 

^Reports on the method of isolation of aureo- 
mycin. its pharmacology and activity will be made 
bv workers of the Lederle Laboratories Division 
of the American Cyanamid Company at the New 
York Academy of Sciences, July 21, 194S. Some 
of the data were made available by these workers 
in personal comiiuinications to the authors. 

1 Paine, T, F., Jr., Collins, H. 8., and Finland, 

M. J. Had., 56. Submitted for publication. 

Filtration through Seitz, Mandler or sintered 
glass filters did not remove any of the antihiotic. 


penfcilh'n,- The test organism, Streptococcus 
No. 98, was completely inhibited b\' 0.5 pg 
per ml and partial!}' inhibited, as evidenced by 
growth on subculture, by 0.25 to 0.125 yg 
per ml. The control urine specimens, obtained 
before and several days after the dose, failed 
to inhibit the growth of the test organism. 

The results for the subject receiving 500 mg 
are shown in Fig, 1 and those for the subject 
receiving 750, who had a much greater volume 
of urine output, are shoum in Fig. 2. The 
greatest rate of aureonuxin excretion occur- 
red in both instances between 4 and 8 hours. 
If similar absorption and excretion take 
place from repeated oral doses, the intervals 
between such doses should be about 8 hours 
in order to maintain maximum absorption and 
excretion rates. Concentrations of aureonn- 
cin sufficient to completely inhibit the test 
organisms when the urine was diluted 16- 
fold or more were exxreted for at least 33 
hours. The aureomycin was still being ex- 
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Fig. 2. 


creted in both subjects at 55 and 33 hours, 
respectively, when the studies were termin- 
ated. The total amount recovered was 13.4% 
of the 500 mg dose in 55 hours and 11.5% 
of the 750 mg dose in 33 hours. 

Blood levels carried out with the same 
organism were unsatisfactory since the maxi- 
mum amount of antibiotic in the serum inhib- 
ited the test organism only in a final dilution 
of 1:2 or 1:4. 

Total urinary excretion studies were made 
in 2 patients who were receiving 2 doses of 
aureomycin by mouth each da}' for several 
days. The urines were collected at 12-hour 
intervals and all voidings were stored at 5 
to 10°C during the intervals. The tests were 
otherwise carried out in the same manner as 


before. In one of these patients who received 
0,25 g twice a day for 10 days the concentra- 
tions of antibiotic in the urine were sufficient 
complete!}^ to inhibit the test streptococcus in 
dilutions of 1:4 to 1:16, and partial inhibi- 
tion occurred in dilutions of 1:8 to 1:32. In 
the patient who received 0.5 g twice a day for 
7 days the concentrations of aureomycin in^ 
the urine ranged from 10 to 32 jug per ml. In 
these 2 patients the total amount recovered 
was 5% and 2%, respectively of the amount 
administered. Antibiotic activity was pres- 
ent in the urine up to 72 hours and longer 
after the last dose. Control urines from these 
patients, obtained before and several days 
after the antibiotic was given failed to inhibit 
the test strain. 

Both of the patients were acutely ill and 
the differences in the percentage recoveries 
may have been related to poor absorption of 
the drug associated with the illness. Technical 
difficulties may also have accounted, in part, 
for the discrepancies. 

Sum7J!ary. After a single oral dose of 0.5 
or 0.75 g of aureomycin given to fasting nor- 
mal subjects antibiotic activity was recovered 
in the urine for more than 33 to 55 hours. 
The antibiotic was excreted in high concentra- 
tions between 2 and 16 hours and the largest 
rate of excretion occurred between 2 and 8 
hours. The findings suggest that the optimum 
intervals between oral doses of aureomycin 
should be about 8 hours. 
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Stereoencephalotomy.* 


E. A. Spiegel, H. T. Wycis, H. Freed, and A. J. Lee. 

Fro))i ihc Departments of Experimental Neurology and Xcurosnrgcry^ Temple University School 
of Medicine and Hospital, Philadelphia, 


Using the previously described stereotaxic 
apparatus (stereoencephalotome) for the pro- 
duction of subcortical lesions in the human 

* by a grant from tlic Am. Mc(l~\^m 

CommittPo on Scientifu* Kcsoarcli. 


brain, ^ the following procedures have been 
developed. 

I. Dorsomcdtal thalajnotomy in mental dis- 

1 .Spieg(‘l, E. a., Wycis, H. T., Jlarks, M., and 
Lee, A. J., Science, 1947, IOC, 349. 
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a. 


iso^v 




Fig. 1. 

Electrothalamogram (Th) recorded from the dorsomedial nucleus near its surface simul- 
taneously' 'vvith the electroencephalogram recorded from the scalp in the frontal (F) and oc- 
cipital (0) areas in a patient suffering from grand and petit nial attacks (patient under 
pentothal-ether-nitrous oxide anesthesia). 


orders. Lesions have been placed bilaterally 
in the dorsomedial nucleus of the thalamus 
in mental disorders with a prevalent emotional 
component, in order to interrupt the cortico- 
diencephalic connections probably related to 
the mechanism of emotions (16 cases). Le- 
sions covering about one seventh of the vol- 
ume of this nucleus on each side have been 
able to produce relief of nervous tension, 
anxiety, depression, irritability, agitation, hal- 
lucinations or compulsions; this has been ob- 
tained- without at least some of the unde- 
sirable by-effects of prefrontal Jo bofomy such 
as epileptiform convulsions, childishness, face- 
tiousness, distractibility, lack of tact or disci- 
pline. 

II. Mcsenccphalothalamotomy (mty) for 
relief of intractable pain. Lesion of the long 
ascending pain-conducting pathways in the 
midbrain has been combined with a lesion of 
the dorsomedial nucleus. Since patients be- 
come unconcerned about thair pain follow- 
ing prefrontal lobotoniy (Freeman and 

2 Spiegel, E. A., Wreis, H. T.. and Freed, H., 
Joint J^tcetiiig Pliilndclplna and Xcw York Xeu- 
rologie. Soe., April 23, 1948. 

a Freeman, IV., and ntts, J. \\ ., liMH, 

1, 953. 


Watts*"*), and since the dorsomedial nucleus de- 
generates following this procedure, a lesion of 
this nucleus is added to that of the long 
ascending pain-conducting pathways in order 
to induce a relative indifference to pain per- 
ceived through remaining auxiliary pathways. 
In a woman suffering from unilateral facial 
pain for 6 years despite retrogasserian rhizo- 
toni}'^, mty on the opposite side abolished the 
pain completely except for occasional pares- 
thesias in the maxillary region.^ In a second 
patient suffering from diffuse burning pain 
and spasms fn the right lower extremity fol- 
lowing an injury' to the lumbar spine and un- 
relieved by sympathectomy, rhizotomy' and 
bilateral chordotomies, the bilateral mty re- 
duced the painful area to the region around 
the right buttock, while the spasms of the leg 
and the sensation of the muscular contractions 
persisted, 

III. Paracommissural thalamotoiny in pe- 
tit mal. In cases suffering from grand and 
petit mal attacks, lesions were placed bilater- 
ally at the level of the commissura media 

A Spiegel, E. A., and Wyeis, H, T., Ji'im, tunl. 
ITociicnschr,, in press; IVrei-S H. 1., JSoiofT, L. 
niul Spiegel, E. A., PliikidcIjjJiia X.'Jrolog. 

Feb. 27. 194S. 
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around the medial part of the internal lamina 
mediillaris.-' Electric stimulation of this region 
in experimental animals yields a spike and 
dome pattern in the electroencephalogram 
(Jasper^'). Preceding this lesion, the electro- 
thalamogram was recorded simultaneously 
with the electroencephalogram;" spike dis- 
charges were found in the electro thalamo- 
gram.t These spike discharges were not 

- >-5 Spiegel, E. A., Wycis, R. T., Freed, H., and 

Lee, A. J., Am, Neurol. Assn., June 16. 1948. 

G Jasper, H, H., and Proogleever-Portuyn, J., 
lies, PhJ)J, Assn. Kerv. Ment^ Dis,, 1947, 2G, 272. 

" Wycis, H. T., Spiegel, E. A., and Lee, A. J., 
Inti. League against Epilepsy, Am. Branch, June 
13, 1948. 

t Gibbs, Hayne and GibbsS also recorded spike 
discharges from various subcortical areas in petit 
mal. The authors inserted the recording electrode 
into the brain of the patients 'without the guidance 
of a stereotaxic apparatus, trying to establish the 
location by x-ray studies after air injections into 
the ventricles. 


limited to the immediate vicinity of the in- 
ternal lamina medullaris but sometimes 
showed the maximum in more dorsal parts 
of the thalamus close to the ventricle (Fig. 1). 
In two cases, the operation did not influence 
the grand mal attacks; it diminished, at least 
transitorily, the frequency of the petit mal 
attacks and the severity of accompanying 
motor phenomena. 

Stnfn?iary, The stereotaxic technique has 
been applied to the human brain for relief of 
mental disorders with a prevalent emotional 
component and of intractable pain. In epi- 
leptics suffering from grand and petit mal, 
the electrothalamogram was recorded, reveal- 
ing spike discharges; lesions placed in the 
vicinity of the commissura media diminished 
frequency and severity of the petit mal at- 
tacks. 

8 Gibbs, E. A., Hayne, R., and Gibbs, E. L., 
Int. League against Epilepsy, Am. Brandi, June 
13, 1948. 
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Possible Role of Free Phenols in Renal Uremia.^ 

John C. Hartnett. (Introduced by H. B, Pierce.) 
From the Department of Biochemistry^ University of Vermont y CoUcye of 

Burlington, Vt, 


The work of Becher and his associates,^”^ 
has stressed, the importance of free phenols 
in blood as a major factor in the development 
and intensification of the uremic syndrome. 

* Data from thesis submitted in partial fulfill- 
ment of the requirements for the Degree Master 
of Science. 

1 Bedicr, E., Dent, Arch^ f. Klin, Med., 1925, 
145, 333. 

2 Becher, E.,. Ergeh, d. gcs. Med,, 1933^ 18, 51. 

3 Bcd»cr, E,, and Koch, F., Dent, Arch, f. Klin, 
Med,, 1925, 148, 78. 

4 Becher, E., and Litzner, S., KHn. JVochschr,, 
1920, 5, 147. 

5 Becher, E., and Litzner, S., Klin. IVochschr,, 
1920, 5, 1373. Cited Chem, Ah., 1920, 20, 3192. 

G Becher, E., Litzner, S., and Taglidi, W., Z, f, 
KUn. Med., 1020, 104, 1S2. 


In an extensive review of the pathogenesis of 
this syndrome, Harrison and Mason^ state 
that ^'whether in patients with nephritis 
phenol retention is sufficiently marked to pro- 
duce further renal damage is an interesting 
but still unsettled problem.” Dickes,^ using 
the method of Theis and Benedict® for de- 
termining blood phenols, noted that 21 out 
of 23 uremic patients showed a direct cor- 
relation between the degree of cerebral de- 
pression and the height of the blood phenols. 
However, the correlation of total phenols was 

T Harrison, T. E., and Mason, M., Medicine, 
1937, 10, 1. 

SDickes, R., Arch, Int. Med., 1942, 21, 602. 

0 Theis, R. C., and Benedict, S. R., J, Biol. 
Chem., 1924, 01, 67. 
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TABLE I. 

Blood Phenol Determinations — Aletlmd of Schmidt. 
Diagnosis: Uremia of Kenal Origin. 


Case No. 

N.P.N. 
mg % 

Free plicnol 
mg % 

Conjugated phenol 
mg % 

Total phenol 
(Free plus eonjugated) 
mg^ 

1 

105 

.050 

.519 

.569 

2 

210 

.104 

— ' 

— 

3 

— 

.098 

1.477 

1.575 

4 

50 

.077 

.526 

.603 

5 

59 

.074 

— 

— 

6 

— 

.077 

.371 

.44S 

7 

92 

.081 

,145 

.226 

8 

50 

.099 

— 

— 

9 

51 

.580 

,229 

.809 

10 

88 

.089 

[84G 

.935 . 

11 

189 

.102 

.878 

.980 

12 

78 

.051 

.052 

.103 

13 

54 

.135 

.425 

.560 

14 

55 

.073 

.110 

.183 


better than that of the free or conjugated 
phenols. Roen,^*^ using the Millon reagent, 
reported an elevation of blood phenols in 
all cases of uremia regardless of the t^pe of 
renal failure. Although the height of the 
blood phenols was general!}' related to the 
uremic syndrome, it was not in direct propor- 
tion to the uremic state. 

A review of the literature concerning the 
methods for determining blood and urine 
phenols by Deichmann and Schafer^ ^ and 
Volterra^- showed that there were very few. 
if any, methods available that were specific, 
or nearly so, for determination of the phenols 
in blood and urine. The methods used by 
Dickes^*" and Roen’^^ and earlier by Becher 
ct because of the technic used or the 

non-specificity of the colorimetric reagent, 
gave phenol values which were high for human 
blood, if compared with values obtained by 
Deichmann and Schafer^^ or with those ob- 
tained by the method of Schmidt^ ^ which 
eliminates most non-phenolic substances that 


lOKoen, P. B., «!• tToL, 1944, 51, 110. 
iiDeielmmiin, AV. B., and Schafer, U J., Am. J. 


Clin. P<ttU.y 1942. IS, 129. 

rJVoIten-a, M., Am. J. Clin. Paih., 


1942, 


13, 


SBccher, E,, Litzncr, S., and Taglicli, W., 
nchcH, Mcel, Wochschr,, 1925. 

■iBchmidt, E. G., J. PAol Chrm., 1943, laO, 09. 
5Nesbit, B. .At., Burk, L. B., and Olsen, N. b., 
rh. Snrfh, 1940, 5J1, 4S3. 


would affect the final colorimetric reading. 

The method of Schmidt^^ for determining 
blood phenols was criticall}" evaluated by the 
author. Phenol recovery e.\periments were 
run on both beef and human blood. Average 
recover}^ of free phenol from beef blood was 
77% and from human blood, 68%. Deter- 
minations w’ere made on 14 normal human 
blood samples to obtain a point of reference 
in evaluating data obtained from bloods of 
uremic patients. Free and conjugated phenols 
in blood samples from patients diagnosed as 
having or developing the uremic syndrome 
from renal disfunction were determined. The 
results for free, conjugated and total phenols 
and those for non-protein nitrogen are shown 
in Table I. 

Each clinical case, except No. 9, shows the 
free phenol value to be within a normal range 
(.051 to .088 mg %) as determined on the 
above mentioned series of normal adult blood. 
(Schmidt*^ presented ‘‘normal” free phenol 
values for pooled human blood ranging be- 
tween .011 and .041 mg %). Case No. 9 
died S hours after the blood sample was 
taken for analysis. At this late stage of the 
syndrome the conjugating mechanism was 
undoubtedly failing rapidly, possibly account- 
ing for the increased free phenol value.? It 
is important to note thm,^accordmg to the 

MML Liv^r; Ckronic- ron- 

jrostion. Kidney: Dc/renernted and rc.rn.f.lin;: 
lucliloridc of mercury puisojiing. 
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free phenol values, not at any time is there 
present enough free phenol in the blood to 
produce the symptomatic picture of phenol 
poisoning or the uremic s 3 rndrome. This is 
contrary to the evidence of Becher^ and 
Becher and Koch.^ The present author, with 
Becher and Lilznerj-^ Becher ef Dickes,^ 
Roen^® and Nesbit ct finds that the con- 
jugated and hence the total phenols increase 
in the uremic syndrome, although the values 
given in this report are much lower than those 
of these authors. 

Suvimary, In 14 clinical cases involving 


uremic S 3 mdrome herein reported upon, it 
was found that: 

a) The free phenols had little if any effect 
in producing or intensifying the uremic syn- 
drome. b) During the uremic syndrome the 
free, conjugated and total phenols did in- 
crease, but not significantly enough to war- 
rant their consideration as an important fac- 
tor in the uremic syndrome. The methods 
employed in previous reports give reason to 
doubt the validity of conclusions drawn con- 
cerning the relationship of free, conjugated 
and total phenols to the uremic syndrome. 
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Fluorimetric and Biological Determination of Estrogens in the Eggs of the 
American Lobster {Homarns america7ins) 

J. Kenneth Donahue, 

From the Dcparimcnt of Biology ^ College of Charleston, Charlcsion, S* C., and the State of 
Maine Sea and Shore Fisheries Station, Boothhay Harbor, Maine. 


The presence of hormones in the tissues and 
body humors of a variety of invertebrates, 
both marine and terrestrial, appears to be 
well-ekablished.^ Among these, substances 
having estrogenic potencies are not uncom- 
mon.- However, satisfactory procedures for 
producing extracts free of contamination and 
for testing the potency of such extracts by 
fluorimetric, as well as the usual biological 
technics, have only recently become available. 
This study was made to determine the estro- 
genic potencies of the eggs of a representative 
marine invertebrate — the American lobster. 

Materials and Methods, A total of 395 g 

^ The* cost of this investigation ^vas defrayed by 
a grant from the Carnegie Foundation Fund for 
the Advancement of Teaching. 

t The author is indebted to Dr. Robert W. Bates, 
Endocrine Products Division, E. R. Squibb & Sons, 
for his guidance in working out tlie chemical pro- 
cedure and for his invaluable aid in the fluori- 
inetrie sUnVies. The laboratory assistance of E. J. 
Collins IS gratcfnlly acknowledged. 

I Hanstrbm, B., Hormones in Invertebrates. 
Oxford Press, 1030, Chap. 2, p. 22. 

- Donahue, J. K,, Fndocrinology, 1040, 27, 149. 


(wet weight), about a quarter of a million 
eggs, were used, the total yield of 9 speci- 
mens. All the eggs were recently spawned 
and attached to the caudal appendage. The 
eggs of the lobster remain within the body 
cavity for nearly a y^ear following ovulation 
so that the eggs used in this study were all 
about 11 months old. The extraction proce- 
dure follows: The eggs are thoroughly 
macerated in a W'^aring Blendot in twice their 
volume of 95% ethyl alcohol and allowed to 
stand for 24 hours. The alcohol is filtered 
off and the residue re-extracted with alcohol 
for 24 hours. The alcoholic extracts are 
combined and shaken thoroughly for a half 
hour with an equal volume of petroleum ether. 
The ether fraction is removed and the alco- 
holic fraction is again shaken with ether. Fol- 
lowing this, the alcoholic fractions are com- 
bined and evaporated to dryness and the deep 
orange residue is taken up in toluene as a 
supersaturated solution. For purposes of fur- 
ther purification preceding fluorimetric and 
biological anatysis 5 cc samples were taken of 
the toluene concentrate. Five cc of the toluene 
solution are shaken with 10 cc IN NaOH 
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and slowly centrifuged for 10 minutes. The 
oily top layer is carefully removed and kept. 
The NaOH layer is neutralized to pH 3 with 
concentrated HCI under a small quantit}^ of 
toluene. The toluene fraction is removed and 
kept. The oily fraction from the first NaOH 
separation is treated 5 times in the manner 
just described and the toluene fractions com^ 
bined and reduced in volume to about 5 cc. 
Where the toluene samples appear slightly 
cloudy owing to the presence of smaU amounts 
of oil, another extraction with NaOH may be 
required. 


Fhiorhneiric Studies. Colorimetric methods 
for the quantitative determination of estro* 
gens have been greatly improved^"* but where 
relatively minute amounts of estrogen are 
involved, fluorimetric analysis appears to be 
more sensitive.^"® For purely qualitative 
analysis 0.2 to 0.5 cc of the purified toluene 
extract were placed in a fluorimetric tube and 
heated with 1 cc 90^ sulfuric acid in a 
water bath at 80® C for 10 minutes. WHien 
held up to a narrow beam of light and viewed 
at an angle of 90° extracts prepared as de- 
scribed showed a blue-green fluorescence 
easily discernible with the naked eye. 


For quantitative work the procedure out- 
lined bj^ Bates and Cohen was followed.^ 
Using a Coleman photofluorometer fitted with 
a Bi filter at the photocell, subtracting the 
non-specific fluorescence developed by a blank 
solution, and comparing the intensity of fluor- 
escence given by the sample with that de- 
veloped by a standard solution of estrone, it 
was estimated that each cc of toluene con- 
tained between 30 and 50 international units 
of activity. However, later determinations 
made in Dr. Bates' laboratory employing a 
filter combination consisting of a 420 mu 
Baird Interference Filter at the light source 
and a combination of a 520 mu Baird Inter- 
ference Filter and a 3387 Corning Filter at tl^ 
BatesrsTlV., J, CUn, Endoc- 


^ologVj 1947, 7, 701, a t- i tv 

4rinke}3tem, M., Hestnn, S., and Koch, W., 
loa Soa Ext. Biol, and Med., 1047, 04, 64. 

5 Bates, B. W., and Coljen, H., Fed. Proc., 194/, 


<$, 236. 
c Jailer, 


J. W., Endocniwlopy, 3947, 41, 19S. 


photocell gave readings of the order of 5 units 
per cc of toluene. It is believed that this filter 
combination eliminates virtually all non- 
specific fluorescence. On the biis of these 
readings it is estimated that the original 395 
grams of eggs yielded between 400 and 500 
units of recoverable activity. 

Biological Studies. The response of the 
150 g spayed rat to injections or vaginal ap- 
plications of corn oil extracts of the toluene 
solutions correlated quite closely to the activi- 
ty as judged by fluorimetric analysis. Ten 
150 g rats were injected subcutaneously with 
the equivalent of 2.5 cc of toluene solution in 
3 divided doses over a period of 3 days. The 
activity was transferred to corn oil by ex- 
tracting the toluene solution with NaOH and 
then neutralizing the NaOH to pH 3 under 
a small quantity of eth^d ether which was 
mixed 'with corn oil and allowed to evaporate 
at room temperature. Ten more spayed 
females were given direct applications of corn 
oil solutions to the vagina in the same dosage 
as above. In taking smears and making 
vagina] applications great care '^vas taken to 
avoid trauma. Within the S-day period all 
animals showed a clearing of leucocjdes and 
the appearance of large numbers of nucleated 
epithelial cells. In the injected series 2 
animals showed some cornified cells at the 
end of 3 daj^s. In the in tra vaginal group 5 
of the 10 animals showed large numbers of 
cornified cells although in no cases were there 
full estrus responses. Each animal received 
the equivalent of 1.2 /ig of estrone so that, in 
view of the observation that the rat is some 
10 times less sensitive to estrone than the 
mouse, the dosage giv^en would be close to 
the threshold necessarj^ for a full response. 
Until larger quantities of eggs are obtained 
and highly concentrated extracts prepared 
from them the consistent production of full 
estrus smears must wait. In all animals test- 
ed, histological study of the reproductive 
tracts showed varjdng degrees of growth of 
the v’aginal epithelium up to 13 cell layers 
of new tissue but relatively slight growth of 
the uterine epithelium. 

Summary. This preliminarj^ study, utiliz- 
ing recently developed fluorimetric technics 
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together with standard biological procedures, 
indicates that the eggs of the American lobster 
at the time of attachment to the caudal ap- 
pendage contain estrogenic activity estimated 
at a minimum of 100 international units per 


100 g of eggs. That a substantially increased 
yield may be affected by further refinements 
in extraction methods is now being investi- 
gated. 
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Microdetermination of Steroid Estrogens in Urine by Fluorometry * 

M. Finkelstein. (Introduced by Bernhard Zondek.) 

From ilie Hormone Beseorch Laboraiov]), Hebrew Vniversity, Jerusalem, Palestine. 


We have previously described^ a fluoro- 
metric method for determination of estradiol, 
estrone and estriol in pure solution, which 
was much more sensitive and accurate than 
the colorimetric methods used in determining 
these substances. The fluorometric method 
was only slightly less sensitive for estradiol 
and estrone than the biological tests, while 
estriol could be determined at levels too low 
for biological assay. In all cases the accuracy 
of the fluorometric method exceeded that 
of the biological method and the range of 
error was found to be ±: 3%. 

The specificity of the new reaction was 
high, only very few substances interfering 
with the determination of the estrogens; and 
since none of these were phenols they could 
easily be separated from the estrogens and 
therefore represented no problem in the 
assay. 

The present paper deals with adaptation 
of the fluorometric method to determination 
of estradiol, estrone and estriol in urine. 

ExpcrmcntoL (With the assistance of 
Mrs. B, Wolman.) The following apparatus 
and reagents were employed in the tests: 

1. Coleman Electronic Photofluorometer, 

:Model 12 A, with filters (optical), PC- 

and PCi,. 

2. All-glass distillation apparatus. 

* Wo arc deeply jiulo])ted to Dr. B. Y. Brent for 
supplying us with estradiol and estrone, and to 
l>r. Oliver Kainm for estriol, 

1 Finkelstein, M., Ilestriii, S., and Koeli, W., 
Pnoc. Exp. Brou .\xd Man., 1947, 04, 64. 


3. Test tubes with ground glass stoppers 
(Pyrex, 15 ccm). 

4. Reagents. 

a. Ether, peroxide, free, redistilkd. , 

b. Sodium bicarbonate, anhydrous 
pro anal. 

c. Sodium carbonate, anhydrous, pro 
anal. 

d. Hydrochloric acid, concentrated, pro 
anal. 

e. Sulfuric acid, pro anal., diluted with 
distilled water 4:5. 

f. Sodium hydroxide, pro anal. 

g. Ethanol, redistilled. 

h. Benzene, triophene free. 

i. Phosphoric acid, purest, s.g. 1.75. 

j. Sodium chloride, pure. 

k. Crystalline estrogens. 1 

A. Determining the standard • estrogen 
curecs. The Coleman fluorometer provided 
with the primary filter and the PC- 
secondary filter was calibrated with 7 cc 
of a sodium fiuoresceinate solution (0.05 y / 
cc), so that the value 80 was recovered on the 
galvanometer scale. 

Crystalline estradiol, estrone and estriol 
dissolved in pure ethanol 96% were used 
in preparing the standard curves. Substan- 
tially smaller amounts of estrogen 4vere used 
in determining the standard curve than in 
our previous study as the response in the 
Coleman fluorometer was much higher than 

I We are deeply indebted to Dr, B. Y. Brent for 
supplying us with estradiol and estrone, and to 
Dr. Oliver Kumm for estriol. 
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Fia. 1. 

Tlie standard curve of estrogens. 

that obtained in the Lumetron fluorometer 
previously employed. The curves of estradiol, 
estrone and estriol were linear throughout the 
scale and the limits were 0.05 y to 0.20 y 
for estradiol and 0.1 y to 0.6 y for estrone 
and estriol. 

Our procedure in preparing the standard 
curves was essentially similar to that in our 
earlier paper, except that 7 cc rather than 
2,5 cc of phosphoric acid was used in develop- 
ing and reading the fluorescence. The stand- 
ard curves are presented in Fig. 1. 

B. Fractwnatwn of iirme m the estrodhU 
astro fie and estriol fractiofi. We generally 
followed tJie method of Bachmann & Pettit- 
in fractionation though some of the steps in 
the original method were modified and simpli- 
fied. Only 10 cc of urine were required in 
our method, compared with 100 cc in the 
original method. The recovery percentages, 
however, fell within the same limits as those 
described by Bachmann & Pettit.- The pro- 
cedure was as follows: 

10 cc of fresh urine were rendered acid 
with 0.7 cc concentrated HCl (pro anal.) 
and hydrolyzed under reflux for 1 hour in 
an all-glass apparatus. The urine was then 
cooled under running tap water, 5.6 g of 
sodium chloride was added to it, and it was 
diluted with 10 cc of distilled water. The 

'2 Baclimnim, C., ami Pettit, D. S., J, Chem., 
1041, 138, C8P. 


solution was extracted 5 times with 20 cc 
of benzene in a separatory funnel. The pooled 
benzene extracts (100 cc) were washed in 
the funnel with 3 cc of sodium bicarbonate 
9%, following which the benzene was con- 
centrated to 30 cc. The benzene extract nas 
then shaken in a separatory funnel once with 
30 cc and twice with 15 cc of sodium car- 
bonate 9%, and once with 7 cc of water; and 
the aqueous washings and the sodium carbon- 
ate extracts were pooled. Following this 
procedure all the estradiol and estrone re- 
mained in the benzene fraction, while the es- 
triol was almost quantitative!}'’ removed in the 
sodium carbonate fraction. From this point 
on the two fractions were treated separately. 

T/ie estriol fraction. The pooled carbonate 
extract w^as rendered acid (less than pH 6) 
with concentrated HCl and then 3 times ex- 
tracted with 35 cc of ether. The pooled 
ether extracts were washed twdee in a dean 
separatory^ funnel with 10 cc of sodium bi- 
carbonate 9% and tnuce with 10 cc of water. 
The ether ^vvas then evaporated and the resi- 
due was taken up in a measured volume of 
ethanol, between 10 and 20 cc, and aliquots 
of this solution were used for fluorometry. In 
cases when the ether residue was colored, the 
foJIom'ng additional purification was em- 
plo3'ed. The residue was taken up in 0.5 
cc of ethanol and the solution was diluted 
with 50 cc of benzene, washed with 2 cc of 
sodium bicarbonate 9%, and extracted 3 
times wdth half its volume of 0.01 K KaOH 
and once wdth 10 cc of \vater. The pooled 
extracts were made acid with concentrated 
HCl and extracted 3 times with half their 
volume of ether. The ether was evaporated 
to dryness and the residue was taken up in 
a measured volume of ethanol, and aliquots 
of this solution were used for fiuorometry. 

T/ic cstradioUcstronc fraction. The con- 
centrated benzene extract was Nvashed once 
with a quarter of its v*olume of dilute sul- 
furic acid and twice with 15 cc of water. 

It was then extracted A times wiU) an equal 
volume of X XaOH. The pooled alkaline 
extracts were acidified with concentrated HCl 
(pH less than 5) and were then extracted 3 
times with 50 cc of eUier. The combined 
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TABLE I. 

Kccovery of Estradiol, Estrone or Estriol from 10 cc Urine Samples. 


Estrogen 

added 

7 of estrogen 
added 

7 of estrogen 
observed after 
subtraction 
of the blank 
value 

% 

of 

recovery 

Estradiol 

1 

0.6 

60 

f) 

‘ 10 

8 

80 

y) 

100 

84 

84 

Estrone 

50 

37 

74 


50 

35 

70 

y> 

100 

80 

80 

Estriol 

100 

56 

56 

j 1 

100 

42 

42 

yy 

50 

28 

56 

11 

50 

30.5 

61 

yy 

25 

12.5 

50 

f y 

25 

17 

68 


extracts were concentrated to about 50 cc, 
washed once with 10 cc of dilute sulfuric acid, 
twice with 20 cc of sodium carbonate 9% 
and twice with 20 cc of water. The ether 
extract was evaporated, the residue was taken 
up in a measured volume of ethanol, and 
aliquots of this solution were used for fluoro- 
me try. 

C. The fiuorometric meastireynent. Ali- 
quots in Pyrex test tubes with ground glass 
stoppers were evaporated to dryness in an 
electric oven at about 120^C with the stoppers 
removed. After cooling, 7 cc of phosphoric 
acid were added to each, the tubes were 
stoppered and heated in a boiling water bath 
in the dark for half an hour. When the 
tubes were cooled, the fluorescence was 
measured in the Coleman fluorometer, using 
filters Bo -]- PCo. For blank readings the 
measurement was repeated using filter Bj 
(optical) 4" ECo, and this value was sub- 
tracted from the first readings. 

Rcsidts. In the recovery experiments the 
tested estrogen was added to 10 cc of hy- 
drolyzed urine. A blank experiment for this 
sample was run at the same time, and the 
value thus obtained was subtracted from 
the experimental reading. Table I summarizes 
the results of the recovery experiments. 

.As may be seen from the table, the best 
estrogen recoveries (above 80%) were ob- 
tained with estradiol. As little as 1 y of estra- 
diol added to 10 cc of urine could be demon- 
strated with 60% recovery. The recoveries of 


estrone were in the range of 70%, and those 
of estriol were lower, between SO and 60%. 
Since an inhibitory effect was observed when 
concentrated aliquots of the estriol fraction 
were used, we recommend the use of diluted 
samples of this estrogen for fiuorometric assay. 

Disevssion. The present study describes 
an accurate and time-saving method for the 
determination of urinary estrogens, which is 
also specific and is not influenced by sub- 
stances accidentally occurring in the urine. 
Its particular advantage is its sensitivity, 
which permits the use of a urine sample as 
small as 10 cc of normal urine and even less 
of pregnancy urine. The fluorometric read- 
ings are not complicated by interfering sub- 
stances in the urine, as are the colorimetric 
readings according to Kober.^ Thus the es- 
trogen concentration may be calculated in a 
single reading. Recently, Jailer^ adapted our 
fluorometric method to the analysis of estro- 
gens in urine. In a preliminary study he 
reported the recovery of estrone and estradiol, 
using diluted sulfuric acid instead of phos- 
pnoric acid. This modification, however, 
proved to be of less value than the original 
method, since estriol was not detectable by 
this method, and since his recoveries of es- 
tradiol and estrone were in the range of 
50%. Furthermore, some of the srerolic 
substances which did not fluoresce when phos- 

^ Kober, S., mochein, J., 1038, 357, 

Jailer. W., ICndocrinoloon, 1047, 40, lOS. 
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phoric acid was used yielded fluorescent prod- 
ucts with sulfuric acid, 

A detailed study of metabolism of estro- 
gens in normal, pregnant and pathological 
conditions will be published elsewhere. 

Sum/:ary. L A quantitative method for 
the determination of estradiol, estrone and 
estriol in urine, based on the fluorescence of 
these substances when treated with phosphoric 
acid, is described. 2. The method is more ac- 
curate, sensitive and specific than other known 


biological or colorimetric tests. 3. The re- 
coveries of estradiol were above S0%; of es- 
trone between 70 and 80%; and of estriol 
between 50 and 60%. The mean experimental 
error was 10%. 4. The described method 
permits the determination of estriol in urine in 
quantities not hitherto detectable. 

The author wslics to c:H^rcps his iuflcbtetlne^s 
to Prof. Bernhard Zondek for Jus kind interest 
and support of Uiis investigation. 
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Isotopic Studies of Fixation by Rhizobia in Presence of Hemoprotein.* 
Shirley R. Tove and P. W. Wilson. 

From the Department of Agricultural Bacteriology^ XJiiiversity of Wisconsin, Madison, Wis. 


Claims of fixation by free-living species of 
Rh'izohhim in the presence of plant extracts, 
growth factors and other organic supplements 
frequenth’ have been made but not verified.^ 
The most recent, that hemoprotein from the 
root nodule can induce fixation in vtfrOy was 
suggested by the obser\^ation that the pigment 
occurs in the red state during active fixation 
but disappears from ineffective or old nodules. 
Although attempts to substantiate the posi- 
tive e.xperiments failed,-'^ such negative find- 
ings are not necessarily critical. Fixation by 
pure cultures might be stopped by the accu- 
mulation of an intermediate, and pure cul- 
tures, long cultivated on combined nitrogen in 
the laboratory, might lose their ability to as- 
similate molecular nitrogen. These objections 
can be overcome by testing for fixation with 
the stable isotope, and by using species of 

* Supported in part hy grants from the Rocke- 
feller Foundation and from the Research Commit- 
tee of the Graduate School from funds prodded by 
the Wisconsin Alumni Research Foundation. 

1 Wilson, P. W., The Biochemistry of Symbiotic 
mtrogen Fixation, tJnivcrsUy of Wisconsin Press, 

2Niss, IB P‘j uiuJ Wilson, P, W., PROC. Soc. 
Exp. Biol. aKO Mep., 1047, GO, 233, 

aVirtanon. . 1 . I., Jorma, Wnkala, II.. .anti 
Liwasalma, A., .Ma Chrm. Scaml., Wi7, 1. 00. 


Rhizohhm taken directly from the nodules. 
Whereas the conventional Kjeldahl method 
requires fixation of J.O mg or more for positive 
claims, the isotopic method readi)}^ detects 
fixation of as little as 0.01 mg and practically 
eliminates sampling errors. 

Materials and Methods, By “pigment’^ is 
meant an aqueous extract from nodules 
activeb^ fixing and red with hemoprotein. 
This extract, after Ultra t ion through cheese- 
cloth and centrifugation in a Beams centri- 
fuge, is sterilized b}^ passage under pressure 
through a Seitz filter. The preparations are 
usually gummy and difficult to filter. In 
initial experiments with such filtrates fixa- 
tion was obtained. In agreement with our 
earlier results- the increases in nitrogen con- 
tent were too small to have been detected by 
the Kjeldahl method, but were definite with 
the isotopic technic. Microscopic and cul- 
tural tests revealed a large number of organ- 
isms, primarily the root nodule bacteria. 
Inabilit}’' to secure sterile filtrates did not arise 
from faulty technic or poor filters since no 
difficulty was c.vper/enced with laboratory 
cultures of the rhizobia. These observations 
suggest a sub-microscopic filterable form in 
the nodule {.Almon and Baldwin).* We be- 
lieve, however, it is more likely that the efTc^ct 
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Exp. 


1 

2 


3 

4 

5 

6 

7 

8 
9 

10 


TABLE I. 

Summary of Is otopic Nitrogen Fixation Experiments. 

Atom % excess Nl-' 


Source of pigment Cultures Initial gas Inoeulatctl ITninoculatea 


8.85 .010 —.001 

10.20 .011 

3.0 


Sterile 


Soybean, cowpea 
Cowpea 

534 

317, G18 

Azotobacter 

Clostridium* 

Radiobacter 

Mixture! 

Soybean 

317 and 
Radiobacter 

ff 

317, 610, 534 
and Radiobacter 

J } 

Clostridium* 

Nonsterile 

Soybean 

534 

t 7 

317, 534 


Con'pea 

317 

> > 

Soybean 

610 



.36 

.009 

.90 


10.80 

.010 

--.016 


10.60 

—.016 


8,73 

.013 

.011 


7.88 

.045 

.062 


.151 

.053 

2.84 

.040 

—.009 

—.001 

—.020 

.048 

8.15 

—.001 

—.001 


—.002 

—.004 

9.40 

.0X2 

.014 

10.06 


.076 

.076 


Increase of O.OoO atom % excess necessary for significant gain. 
* Isolated from a filtered but nonsterile nodular extract, 
t Mixture of all cultures used in experiment 


of the gum on the physical properties of the 
filter determines whether a given organism is 
retained since suitable dilution of the gummy 
preparation resulted in a sterile filtrate. 

This curious filtering property of the root 
nodule bacteria was unexpected but useful as 
it provided a convenient method for securing 
a culture of the organism directly from the 
nodules for test of its ability to fix nitrogen. 
The uncertainty of whether other contaminat- 
ing forms likewise accompanied these “filter- 
able"’ rhizobia necessitated suitable bacterio- 
logical obseiT^ations for control of the popula- 
tion in such nonsterile cultures. Microscopic 
stains were made at everj^ stage of the prep- 
aration of the pigment to note the decrease in 
numbers of organisms, and cultural tests were 
made on the contents of the isotopic flasks at 
the end of the experiment. Azotohacter was 
tested for by inoculation of Burk’s nitrogen- 
free medium, Closiridtum, by inoculation of 

^ Almon, L., and Baldwin, 1. L., J, Bact,, 1933, 
229. 


Winogradsky’s nitrogen-free medium and in- 
cubating in an atmosphere of molecular nitro- 
gen; and Rhizobuim by plating on yeast 
water-mineral salts — sucrose agar. All media 
were incubated for at least two weeks before 
discarding; if any growth occurred, a micro- 
scopic examination was made; if fixation, the 
culture was further identified. 

The species of R/tizobitdti used were: pea 
culture 317, soybean culture 534, cowpea 
cultures 610 and 618. Both positive and 
negative controls were obtained by including 
Azotohacter vlndandn, a species of Clostrt- 
diiim isolated from a soybean nodule, and 
Atcaii genes radio bactcr. Details of the specific 
isotopic technics are given by Burris, Eppling, 
Wahlin, and Wilson.^^ Incubation in the pres- 
ence of the was for 48 hours at 24-29 °C. 

Results and Discussion. Results from 
topical experiments are summarized in Table 
I. The outstanding conclusion is that none 

5 Burris, R. H., Eppling, F, J., Walilm, H. B-, 
and Wilson, R. W., J. Bioh Chcm.j 1943, 14S, 349. 
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of the sterile preparations - brought about 
fixation by the rhizobia or by mixtures of 
rhizobia and radiobacter, a frequent contam- 
inant of nodules. The positive results with 
Azotobacter and Clostridium demonstrate that 
fixation could occur under the experimental 
conditions. As show in Experiment 5 fixa- 
tion is not always obtained with Clostridium 
probably because of the presence of free 
oxygen and soluble organic nitrogen. Neither 
of these would prevent fixation by Azotobac^- 
ter. To reduce the level of soluble available 
nitrogen, one experiment was made using a 
purified hemoprotein solution and also hemo- 
globin from blood. Neither induced fixation 
by the rhizobia, nor did the addition of oxal- 
acetate alter this result. 

Nonsterile prepartions did not consis- 
tentl}'^ induce fixation, the positive results be- 
ing concentrated in two experiments. The 
results with the nonsterile filtrates are signifi- 
cant for the argument that lack of fixation by 
pure cultures of the rhizobia arises through 
loss of this physiological function after labora- 
tory cultivation. In these experiments prep- 
arations were obtained that, although filtered, 
contained numerous rhizobia. These were 


identified by microscopic examination, cul- 
tural characteristics, physiological tests in 
litmus milk and veal infusion broth, and by 
inoculation of the host plant. Such organisms, 
tested for fixation immediately after recovery 
from the nodule and prior to any transfer on 
artificial medium, were unable to fix even the 
minute quantity of nitrogen that can be dc; 
tected by the isotopic method (Experiment 7, 
8, and 9). In the positive trials wdth non- 
sterile filtrates (Experiment 6 and 10) species 
of Clostridium demonstrated to be capable of 
fixing nitrogen were isolated. 

Stimmary. When tested by the sensitive 
isotopic method, neither an aqueous extract of 
nodules nor a purified preparation of hemo- 
protein could induce fixation of atmospheric 
nitrogen b}^ free-living Rhhohium. 

Cultures of the root nodule bacteria taken 
directly from tiie nodules and tested prior to 
cultivation on laboratory media did not fix 
nitrogen even though hemoprotein Avas pres- 
ent. 

In a few e.xperiments, fi.xation of molecular 
nitrogen Avas obtained, but the nodular prep- 
arations AA^ere shoAvn to contain nitrogen-fix- 
ing Clostridia. 
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Effect in vitro of Specific Lipid Fractions of Animal Sera on Psittacosis 

Virus. 

John P. Utz. (Introduced by Charles Armstrong.) 
yrow ilic Division of Jnfcciious Diseases, Xaiional InstitiUc of Health, Bcthesda, M<h 


Casals and Olitsky^ have reported that a 
numbpr of neiirotropic viruses were inactiv- 
ated AA^hen mixed Avith various animal sera 
and incubated at 37°C. Furthermore when 
these sera Avere successively extracted with 
acetone, ether, and hot alcohol-ether, each 
extract \vas effective in inactivating virus. 
This report attempts to confirm these results 

using psittacosis virus— and to isolate that 

lipid fraction having the virus-inactivating 
property. 

" 1 Casals, J., and OUtsky, P. K., Science, 194- , 
100, SOT. 


Method and materials. Virus: Psittacosis 
virus originally isolated by Dr. Dorland Davis 
from a fatal disease in a parrot strain) 
AA'as propagated in the allantoic sac of 8-day- 
old chick embryos. Allantoic fluid AA'as 

TABLE I. 

Fifty PoreoTit End-point of Psitt.'ioosis In- 
cubated at 37® in Presence of .Serum, :iml 

Sterile Waten 



Ihr 

2 hr 

4 hr 

24 hr 

.Serum 

W’ater 

Saline 

lO-o.o 

lO-oo 

10-0.1 

lO-n.o 

10-0.0 

lO-.'.S 

10 4/J 

10 '’i.c 

10-1. t 
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TABLE II. 

Average of 50% End-points a Single Pool of tlie ^*4^^ Strain of Psittacosis Virus Incubated for 1 
Hour at 37^0 in Presence of Serum and Egg Yolk Extracts and Lecithin. 

Avg of Avg of 

LD 50 of LL 50 of 'A.vg of Avg of 

psittacosis psittacosis in LD 50 of LBso of 

in serum egg yolk egg yolk vegetable 

plow sbeet extr. extr. lecithin* lecithint 



t Pfanstiebl vegetable lecithin. 


pooled, cultured for contaminants, titrated in 
mice and quick frozen in sterile ampules in 
2 cc lots. The 6BC and Gleason strains of 
psittacosis virus obtained from Dr. Orville 
Golub of Camp Detrick were also used. 

Scrum extracts. Total lipid extracts by 
Alan s method" were made of sera from nor- 
mal chicken, rabbit, horse, sheep and human 
bloods. The petroleum ether solution of the 
serum lipids w^as then concentrated under 
negative pressure of 28 inches of mercury at 
a temperature of 35-40’^C in a constant small 
stream of dry nitrogen. Seven volumes of 
acetone were then added to this concentrated 
extract and allowed to stand overnight at 
4°C. The precipitate was centrifuged at 
1500 r.p.m. in a standard centrifuge for 5 
minutes, the supernatant poured off and 
to it was added 1 drop of a saturated solu- 
tion of magnesium chloride.'*^ This w’as 

2 Man, E. B., J. Biol Chcm., 1937, 117, 1S3. 


again centrifuged and the supernatant was 
saved as the phospholipid -free fraction of 
the total lipid constituents of serum. The 
precipitate in acetone was then divided into 
the ether-soluble and ether-insoluble frac- 
tions, the latter being saved as the sphyn- 
gomyelin-cerebroside fractions of serum. 
The lecithin-like fraction was isolated from 
the ether-soluble fraction using Alaltaner^s*^ 
modification of the technic of Levene and 
Rolf.*”* The cephalin-like fraction was recov- 
ered in the ether washing of the cadmium 
lecithin. Each of these 4 fractions — phospho- 
lipid-free, sphyngomyelin-cerebroside, lecithin 
and cephalin — was concentrated and to each 
was added an amount of sterile distilled water 

3 Sinclair, R. G., Dolan, if., J, Bwl. Chcm., 194‘> 

142, G59. ' 

4 Maltancr, E., JJCSy 1030, 52, 1718. 

5 Levene, P. A., and Rolf, L, *7, Biol. Chem., 
1027, 72, 587. 
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equal to the amount of original serum. The 
organic solvent was then bubbled off with 
nitrogen gas. The extracts were in some cases 
dried completely with nitrogen gas and then 
taken up with water ^\^th no difference in the 
final titer. No further steps were taken to 
identify the fractions.® Except for the mani- 
festly-necessary last step^ great care was 
taken to avoid exposure to air, temperatures 
over 40° C, and water. 

Titrations. The infected allantoic fluids 
were made up in 10-fold dilutions in each of 
the above extracts as well as in controls of 
distilled water, saline, non-infected allantoic 
fluids and egg yolk extracts. After incubation 
at 37°C for times varying from 1-24 hours, 

0.03 cc were injected intracranially into 6- 
week-old mice of the NIH stock stram (10-20 
mice for each dilution), and the LD:,o com- 
puted by the method of Reed and Muench. 

Results. Since the virus was gradually in- 
activated in any diluent when incubated at 
37°C for longer than 4 hours (Table I), the 
various fractions were compared on the basis 
of. one-hour results. Under these conditions 
no virus inactivation could be demonstrated 
by normal sera. Virus-inactivating properties 5-1 
could be demonstrated, however, in lipid ex- 
tracts of the same sera. Table II, presenting ° 
the averages of 15 extractions, demonstrates 
that the phospholipid-free and sphyngomye- 
lin-cerebroside fractions have a 10-100 fold 
inactivating effect, that the lecithin-like and 
cephalin-like fractions decreased the titer 
10,000-100,000 fold, and that the lecithin-like 
fraction was about 10 times more effective 
than the cephalin-like fraction. Comparable 
results were obtained wdth the 6BC and 
Gleason strains. Controls of water; saline; 
egg yolk extracts; commercial lecithin, pre- 
pared in concentration equal to that expected 
in serum extracts by bubbling off the organic 
solvent in the presence of water; all failed to 
exert any such inactivating effect. 

Discussion. This work fails to demonstrate 
that animal sera can inactivate psittacosis 
virus, but tends to confirm findings of others 
that virus inactivation can occur in isolated 
lipid fractions peculiar to serum. It should 
be pointed out that different yields with dif- 
ferent litres were frequently obtained from 
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equal aliquots of the same sera. This may be 
due to the difficulties in extracting a pure 
substance that is not contaminated or decom- 
posed.® 

Nummary. Specific lipid fractions of cer- 
6 Bull, H. B., Biocliemistry of the Lipids, 1937. 


tain animal sera appear capable of inactivat- 
ing psittacosis virus /;/ vitro though the orig- 
inal sera exerts no such effect. The virus in- 
activating propert}^ appears to be in the 
lecithin-like and cephaiin-like fractions, and 
peculiar to serum lipids. 
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Growth of Hypophysectomized Rats Injected with Growth Hormone and 

Fed on Different Proteins, 

Bacon F. Chow and Roy 0. Greep. 

From the Department of Nutritiorif F. R. SquiVl) 4* Sons, Feiu BriinsmclCj and harvard 

School of Dental Medicine, BostoTi, Mass. 


A few studies dealing with the relation- 
ship between the hypophysis and nutrition 
have been reported, but no systematic investi- 
gation on the nutritional requirements of hy- 
pophysectomized rats has yet been made. In 
this communication are recorded our prelim- 
inary results of the growth studies of hypo- 
physectomized rats fed with proteins of dif- 
ferent nutritive values, 

ilice, M. 0., and Aj^rcs, G. B., Endocrinology, 
1936, 20, 489. 

2 Samuels, L. T., Reinecke, R. M., and Bauman, 
K. L., Endocrinology, 1943, 33, 87. 

3 Samuels, L. T., Recent Progress in JUormone 
Research, 1947, 1, 147. 

4 Gordan, G. S., Bennett, L. L,, Li, C. H., and 
Bvans, H. M., PROC, Soc. Exp. Bioi». axd Med., 
1947, C5, 317. 

0 Gordan, G. S., Bennett, L. L., Li, C. H., and 
Evans, H. M., Endocrinology, 1948, 42, 153. 


Method. The procedure for the growth 
study is essentially that of Osborne and Men- 
del.® Five groups (10 animals each) of 
hypophysectomized rats were fed isocaloric 
diets containing 30% test proteins, 32% 
Amidex,* 24% Crisco, 2% Cod Liver Oil, 
8% yeast, and 4% of a salt mixture. The 
vitamin supplements for each one hundred 
grams of the diet are: 


Thiamine HCl 

mg 

0.3 

Riboflavin 

0.3 

Niacin 

2.0 

Pyridoxine HCl 

0.2 

Calcium pantothenate 

2.0 

Choline chloride 

100.0 


6 Osborne, T. B., and Mendel, L. B., J. Biol, 
Chem., 1926, 09, 661. 

* Amidex is dextrine obtained from Com Prod- 
ucts Refining Co. of N.Y. 
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Biotin 0.01 

Folic acid 0.025 

Inositol 10.0 

p-Aininobenzoic acid 25.0 


The food consumption and the weight of 
the test animals were recorded twice weekly. 
During the entire test period of three weeks, 
the animals received subcutaneously 0.1 mg 
of a purified growth hormone preparation, 
•isolated from beef pituitarj’ glands,- every 
morning. 

Results. The data (see the accompanying 
table) demonstrate that animals on a protein- 
free diet failed to survive for even a week 
:in spite of their average consumption of ap- 
proximateh'' 5 g per rat per day. In con- 
;trast with this the normal, unoperated rats 
of the same age survived for more than 2 
weeks on the same protein-free diet in spite 
of their gradual loss of weight. The weights 
of animals on the test protein diets increased 
'significantly. The increase was the smallest 
for soya protein diet and the greatest for 
the casein diet, even though the animals on 
soya protein consumed approximately the 
same amount of food as the animals on either 
the vitamin-free casein or lactalbumin diets. 
After the second and third weeks of feeding, 
the food consumption by rats of all groups 
dropped markedly. The -increase in body 
weights was likewise less pronounced than 
that of the first week and could not be ac- 
centuated even when another 0.1 mg of 


growth hormone was injected late in the after- 
noon, This seems to indicate that the sub- 
maximal growth is not due to the insufficiency 
of growth hormone. 

• Our preliminary data therefore leads us to 
believe that so 3 ’a protein, which has been 
demonstrated to be inferior for normal rats, 
did not support the growth of hypophysecto- 
mized rats as well as the proteins of higher 
quality, such as casein and lactalbumin. How- 
ever, in this experiment the superiority of lac- 
talbumin over casein, so often demonstrated 
in the maintenance of or in the promotion of 
the growth of normal rats, failed- to reveal 
itself in the growth of the Mpophysectomized 
rats. 

It has been demonstrated that hyperthy- 
roidism”"^ in rats may increase the require- 
ments of some of the known vitamins and 
perhaps some unknown nutrient factors 
present in liver or yeast. 

Since our growth hormone preparation was 
most likely contaminated with th 3 TOtropic 
hormone, it is possible that our observed dif- 
ference in the growth promoting properties of 
the samples of pioteins ma 3 ’' be explained not 
on the basis of the amino acid content but on 
the contaminating nutritional factors in the 
test proteins. In any case, our data demon- 
strate that the quaHt 3 ' of proteins in the diet 
can affect the growth of hypophysectomized 
rats, and this factor must now be emphasized 
in the assa 3 " of growth hormone preparations. 


TABLE I. 

Pood Consumption and Body 3^'’eights of Hrpoplirseetoinized Bats Injected ^vith Groivfh 
' Hormone and Fed Different Proteins. 






Weeks of feeding 





0 


1 


o 



Protein fed 

F.C.* 

Avg wt 
ing 

F.C.* 

Avg wt 
ing 

F.C.* 

Avg wt 
ing 

F.C.* 

Avg wt 
in g 

Protein-free 

Soya protein 

Crude casein 

SMA vit.-free casein 
Lactalbumin 

0 

0 

0 

0 

0 

43.7 
45.9 
47.1 
4o.t) 

44.8 

35 

44 

56 

47 

40 

40.0 

55.9 

63.2 

61.3 

55.9 

26 

30 

24 

22 

57.7 

68.5 

60.3 

64.0 

7.6 

34 

25 

20 

5.0.4 

71.9 

67.5 

68.5 

* F.C. = average 

iveiglit in grams of food consumed per rat per 

week. 




T T Wiebolhaus, V. D., and Lardy, ^ Robblee, A. R., Kicliol, C. A., Cravens, . w 

8Brsl.off,.B. H., PKOC. Soc. Exp. Biol, -as-p Exp. Biol, and Mf,d., 1948. 4'0. 

Med., 1947, <>4, 500. 
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Influence of Age and Mammary Development upon Mammary Carcino- 
genesis Following Injection of “Milk Agent,”* 

Robert A. Huseby and John J. Bittner. 

Frovi the DivUioii of Cancer BioJooVi Department of Physiology, University of Minnesota 
Medical School, Minneapolis, Minn. 


It has been observed that when mice of a 
genetically high tumor strain but lacking the 
milk agent are infected with this virus after 
they are a few months of age they develop 
a much lower incidence of mammary carcin- 
oma than if infection occurs when they are 
under a month of age.^’- Because of this 
observation and that of Van Gulik and Korte- 
weg*^ that the degree of lateral bud formation 
in the mammary gland is determined by the 
presence or absence of the milk agent, it was 
suggested^ that in order to be effective in 
the genesis of mammary cancer the milk 
agent virus has to be present at the time 
the mammary gland develops. More recent- 
ly Dmochowski'’ has been able to overcome 
this relative “non-susceptibility” of older mice 
by increasing the amount of virus injected and 
by injecting it weekly over a 3 month period. 
This, together with our inability to confirm 
the above mentioned observations of Van 
Gulik and Korteweg,*^ prompted the present 
investigation. Since the mammae of male 
mice remain essentially rudimentary through- 
out life, the demonstration that castrate male 

* Assisted by grants from the Minnesota Division 
of the American Cancer Society, the Citizens Aid 
Society of Minneapolis, the Graduate School Can- 
cer Research Fund of the University of Minnesota, 
and tlie American Cancer Society upon recom- 
mendation of the Committee on Growth of the 
National Research Council. 

1 Duran-Rcynals, F., and Bittner, J. J., quoted 
by Bittner, J. J., Cancer Research, 1942, 2, 710. 

- Andervont, II. B., Shimkin, M. B., and Bryan, 
V7. R., J. A’nf. Cancer 1942, R, 309. 

3 van Gulik, P. J., and Korteweg, R., Proc. 
XetJerL AVad. v. Trctcnschap 2 Kn, 1940, 43, S91. 

4 Bittner, J. J., Cancer lies., 1942, 2, 710. 

r* Dmochowski. L., Brit. J. Exp. Path., 1945, 
20, 192. 

« Huseby, R. A., and Bittner, J. J., Cancer Ees., 
1946, O. 240. 


mice bearing ovarian grafts may develop a 
high incidence of mammary cancer* suggested 
a suitable method for testing the relationship 
of the state of mammary gland development 
at the time of the introduction of the milk 
agent to mammary carcinogenesis. 

Materials and methods. Male mice of the 
Zb stock (fostered C3H), being genetically 
susceptible to the development of breast can- 
cer but lacking the milk agent, were used 
for this experiment since their mammae norm- 
ally show almost no development throughout 
life (less than those of A x Z hybrid males). 
Three groups of mice were employed. In the 
first, castration and ovarian transplantation 
were performed when the mice were ap- 
proximately one month of age, and on the 
following day they were injected intraperi 
toneally with an extract of a spontaneous 
mammary tumor containing the milk agent. 
In the second, castration and ovarian trans- 
plantation were carried out when the animals 
were one month of age, but the injection of 
milk agent virus was postponed until the 
■animals were 4 months of age in order to 
allow mammary gland development prior to 
the introduction of the virus. In the third 
group, castration and ovarian transplantation 
were performed when the mice were 4 months 
of age, and on the following day the animals 
were injected with a tumor extract. In the 
second and third groups, the animals re- 
ceived the milk agent when approximately 
the same age, but in Group 2 the mammae had 
developed prior to the introduction of the 
virus while in Group 3 mammar>^ gland de- 
velopment occurred in the presence of the 
milk agent. 

The methods of castration and ovarian 
transplantation were the same as described in 

7 Huseby, R. A., and Bittner, J. J., PkoC. Soc. 
Exp. Biou and Med., 1948, CO, 321. 
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the previous paper, and ovaries of one month 
old Zb females v'ere used in all instances. 
To. obtain active virus preparations, fresh 
mammary tumors arising spontaneously in Z 
strain females were employed. The tumors 
were ground in a mortar with sand, extracted 
with distilled, water, and centrifuged at rela- 
tively low speeds to remove viable cells, as 
well as ]aTger cellular and connective tissue 
fragments. Each animal received 1 cc of a 
10% extract intraperitoneally. The animals 
were maintained on Purina Fox Chow, and 
inspected weekly for the development of sub- 
cutaneous tumors. All animals developing 
such tumors were autopsied. 

\ 'Results, As a preliminary study to de- 
termine the extent of glandular dev^elopment 
at the time of the introduction of the milk 
agent in the second group of experimental 
animals, glands of Zb mice castrated and 
transplanted with ovaries at a month of age 
were studied histologically when the mice were 
4 months of age. From the study of whole 
mount. preparations it was evident that by 
this time several of the glands of each animal 
had developed extensively (all 10 glands 
seldom develop in male mice in response to 
estrogenic stimulation). The ducts of the 
developed glands had extended throughout 
the fat pads to a degree similar to that seen 
in virgin female mice of the same age. In 
addition to ductular and lateral bud develop- 
ment, however, there were many areas of 
alveolar development, a situation not encoun- 
tered in virgin female mice lacking the milk 
agent-j. These areas occurred mainly near tlie 
periph^i of the glands and resembled normal 
alveolar lobules as seen in pregnant mice ap- 
proaching parturition. iMorphologically they 
differed from the typical precancerous lesions 
seen in glands of high tumor strains of mice 
in that the epithelium showed considerable 
secretory activity*, and there was not the 
slight increase of connective tissue usually 
seen’ in precancerous hyperplastic nodules. 
Because of the presence of these areas of alve- 
olar, , development, however, a fourth group of 
Zb, males were castrated and transplanted 
with ovaries when one month of age, but 
they Were not injected with the milk agent 
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virus in order to make xertnin that mammary 
turners would not develop in such lobules in 
the absence of the virus. 

The mammae of male mice castrated and 
transplanted with ovaries when four months 
of age were also studied three months after 
transplantation to determine if their glands 
had developed to the same extent as those 
of the younger mice. As far as could be as- 
certained from the inspection of whole mount 
preparations, this was the case. 

The tumor data are summarized in Table 
L In the group receiving both ovaries and 
milk agent at one month of age, mammary 
tumors developed at an earlier average 
age than in virgin females of the Z strain 
maintained in this laboratory® confirming the 
observations previously reported employing 
hybrid males." In the 2 groups that received 
the milk agent at 4 months of age the inci- 
dence of mammary tumors was only about 
one third lhat seen in the group that received 
virus when one month of age, but there would 
appear to be no difference in the age at 
which tumors developed or in the frequency 
of tumor development in these latter 2 groups 
of animals. It is interesting that the 
average latent period of tumor development 
after the injection of the milk agent was 
the same in all 3 groups of animals. 

Since the age distribution of tumor develop- 
ment after the injection of milk agent was 
the same for all 3 groups of mice, it would 
appear lhat the correction factor developed 
by Bryan and Shimkin^ would be applicable 
to these data and would give some indication 
whether or not the lower incidence of tumors 
observed in the 2 groups of mice injected at 
4 months of age was entirely due to the fact 
that these animals had a somewhat shorter 
lime in which to develop cancer. The per cent 
of tumors developing during each 30 day 
period following the injection of the milk 
agent was calculated, and the mice dying 
non-tumorous weighted accordingly. As can 
be seen from the “corrected” data given in 

8 Bittner, J. J., .nnd Iliisehy, R. A., Cnnccr 
194G, 0, 235. 

^ Bryan, W. R., ni\il Sliimkin, M. B., J. Xat, 
Cancer Inst., 1941, 1, 807. 


Mammaky Carcinogenesis 

the sixth column of Table I, only a small 
portion of these lower incidences of tumors can 
be attributed to differences in the life span 
following the injection of the virus. 

Discnssmu The results of this experiment 
emphasize again that as they grow older gene- 
tically susceptible mice* that lack the milk 
agent become less “susceptible” to the milk 
agent virus, at least as far as the subsequent 
development of mammary tumors is con- 
cerned. These data would also seem to indi- 
cate that this relative “non-susceptibility” is 
not due to the greater mammary gland de- 
velopment in female mice after one month of 
age since glands of 4 month old male mice 
that developed after the injection of milk 
agent bad no more tumors than did glands 
that developed prior to the introduction of 
the virus. 

It has been shown that young mice are 
more susceptible to chemical and physical car- 
cinogens than are older mice.^^^^ As yet 
we have been unable to demonstrate in older 
mice lacking the milk agent a humoral agent 
capable of neutralizing active milk agent virus 
either in vitro or in vivo. It has been ob- 
served, furthermore, that although mice which 
obtain the milk agent late in life may die 
non-cancerous, such mice may pass the agent 
to their offspring which then may show a high 
incidence of tumors. This relative “non-sus- 
ceptibility” to the development of mammary 
tumors following the late introduction of the 
milk agent may not, then, be a specific re- 
sistance to the virus but may reflect a more 
general increased resistance of older mice to 
the influence of “carcinogens.” Studies are 
now under way in an attempt to shed more 
light on this possibility. 

Summary. Employing male mice, trans- 
planting ovaries and injecting active milk 
agent virus at different ages, an experiment 

loyudcr, G. B., nnd Morton, J. J., Am. J. 
Cancf'Tf 1939, 557, 355. 

11 Cowdry, E. V., and Suntzeff, V., Talc J. Biot 
and Med., 1944, 17, 47. 

12 Kaplan, H. S., Cancer Bes., 1947, 7, 141. 

13 Smith, W. E., and Rous, P., paper presented 
at the 39th Annual itceting of the Amcr. Assn, for 
Cancer Res., 1948. 
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was carried out to specifically test the rela- 
tionship of the state of mammary gland de- 
velopment at the time of the introduction of 
the milk agent to mammary carcinogenesis. 


The results would indicate that the relative 
non-susceptibility of older mice is not due 
to greater mammary gland development at 
the time of virus infection. 
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Effects of Excess Dietary ^/-Methionine and/or /-Arginine on Rats.* 
Jack H. BRowNt and James B. Aleison. 

From the Bnreaic of Biological Besearcli, Buigers University, Few BnmswicJ:, XJ, 


The addition of low concentrations of dl- 
methionine to a casein diet increases the ni- 
trogen balance index in the rat while the ad- 
dition of higher concentrations of the amino 
acid decreases the index and causes a marked 
loss in body weight.^’- Loss in body weight 
and inhibition in growth in animals receiving 
excess methionine has been reported from a 
number of laboratories.®"^ Excess methion- 
ine could alter the need for other amino acids, 
for example, by increasing the demand for 
them in methylating reactions/*® and by pro- 
moting the formation of one type of tissue 
protein at the expense of others. The ques- 
tion is raised as to whether or not the addi- 
tion of other amino acids to the diet would 
reduce the drain on tissue sources which ex- 
cess methionine could exert. The following 
experiments on rats were designed to answer 
this question in part. 

Methods. Nitrogen balance indexes were 

* These studies were supported in part by the 
Navy Department, Office of Naval Research. 

f Gerard Swope Fellow of the General Electric 
Company. 

1 Brown, J. H-, and Allison, J. B., Abst. 112th 
Meeting of the Am. Chem. Soc., 1947, 51c. 

SBrovm, J. H., Ph.B. Thesis, Rutgers Xlniver- 
sity, 1948, in preparation for publication. 

3 Earle, B. P., Small, K., and Victor, J., J. Exp. 
yfcd., 1942, 76, 317. 

4Rlesen, W. H., Schweigert, B. S., and Eire- 
hjcm, C. A., Arch. Biochcm., 194G, 10, 387. 

5 MacKittrick, D. S., Arch. Biochcm., 1947, 15, 

133. 

c Bloch, K., and Schoenheimer, R. J., J- Eiol. 
Chem.y 1941, tSS, 67. 


determined using the diet and technics pre- 
viousl^r described for the dog.' The diet con- 
tained 12% casein (dry weight basis). Rats 
were pair-fed with those fed excess methion- 
ine (4.8%) where food intake was markedly 
restricted. The experiments were continued 
for a period of 20 days vdth urine and fecal 
collections throughout the period.^ At the 
end of the period the animals were autopsied 
and the livers and kidneys were dried at 
95“ C to constant weight. The dry livers 
and kidneys were analyzed for nitrogen by 
the micro-Kjeldahl procedure and were also 
analyzed for total fat. The urine was anal- 
yzed for creatinine and creatine by the Folin 
method.® 

Restdts. The effects of relatively large 
addition of /-arginine and/or rff-methionine, 
to casein, on the nitrogen balance index and 
on the excretion of creatinine in the rat are 
recorded in Table I. 

The average nitrogen balance index for 
casein was 0.81. The creatinine excretion on 
the casein diet was 28.3 mg/day/kg body 
weight. The addition of /-arginine to casein 
decreased the nitrogen balance index to 0.73 
so that this amount of /-arginine did not im- 
prove the pattern of amino acids in the diet. 
Addition of excess d/-methion/ne to casein 
decreased the nitrogen balance index marked- 
\y so that the animal was in negative nitrogen 
balance and increased the excretion of crea- 
tinine significantly (34.3 mg), changes which 

7 Allison, J. B., Anderson, ,T. A., niul Seeley, 

R. D., Ann. X. r. Acad. ScU 1940. .17, 245. 

SFolin, 0., J. Biol. Chem., 1914, 17, 400. 
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TABLE I. 

Nitrogen Balance Index and Creatinine Excretion in Bats. ‘ Average Data Obtained on 14 

Animals. 


Nitrogen source 

Nitrogen balance 
index 

Creatinine, 
mg/day/kg B.W. 

Wt loss, g 

Casein 12% 

0.81 

28^.3 ih 1.2* 

17 H- 2.1 

12% casein + 1.7% arginine 

0.73 

31.2 it 2.3 

25 rb 5.1 

12% 4" 4.8% methionine 

12% ” -f- 1.7% arginine 

0.50 

34.3 it 0.9 

59 it 5,4 

+ 4.8% methionine 

0.70 

36.5 it 0.7 

35 it 3.6 


* e 


n(B_l) 


TABLE II. 

Effects of Feeding d?-Mctliionine and/or ?-Arginine in 129c Casein Diet on Amount of Liver 
Nitrogen and Liver Fat in Bats. Average Data Obtained on 14 Animals. 




Liver wt 

g liver N/ 

Liver* 

Nitrogen source 

g N/g liver* 

100 g B.W. 

100 g B.W. 

fat, g% 

Control 12% casein 

0.096 It .002 

3.24 .02 

0.096 -t- .002 

19 H- 1 

12% casein -f- 1.7% arginine 

0.099 -t- .005 

3.03 "+- .07 

0.093 -H .002 

18 -t- 2 

12% ” 4.8% methionine 

12% -h 4.8% ” 

0.112 It .004 

3.19 It .06 

0.110 It .002 

13 1 

-f 1.7% arginine 

0.106 It .001 

2.86 It .07 

0.103 It .003 

15 ± 1 

* Dry basis. 


TABLE III. 

Effect of Feeding f7?-Mctbionine and/or 7- Arginine in a 12 9 ^ Casein Diet on Weight of Kidney 
and on Total Kid ney Nitrogen in Bats. 

HoO Kidney wt, Total nitrogen, 

Nitrogen sources % g/100 g B.W. g/100 g B.W. 


12% casein 

12% 1.7% arginine 

12% 4- 4.8% methionine 

12% 4-1.7% arginine 

-h 1.8% methionine 


74 ± 1,1 0.69 ± 0.02 

76 ± 1.2 0.67 ± 0.02 

76 ±: 1.2 0.95 :± 0.04 

74 It 1.1 0.79 It 0.05 


0.021 ± 0.002 
0.019 t: 0.002 
0.027 ± 0,00.3 

0.023 It 0.002 


are associated with loss in nitrogen stores. 
The addition of arginine to the casein-methi- 
onine mixture increased the nitrogen balance 
index (0.7) above that for dZ-methionine and 
casein alone, the creatinine excretion remain- 
ing at a high level (36.5 mg/day/100 g body 
weight). The increase in e.xcretion of crea- 
tinine associated with excess methionine and 
arginine may be the result of increased syn- 
thesis of creatine.® 

The close correlation between nitrogen 
balance index and weight loss is illustrated 
also in Table I. These data demonstrate that 
the loss in weight was much higher in animals 
fed the excess methionine and tha£ the 
presence of arginine with the e.xcess dl- 
methionine prevented some ol this loss. 

The effects of feeding (//-methionine and/or 
/-arginine: dn the 12% casein diet on the 


amount of nitrogen in the liver and on liver 
fat are recorded in Table II. 

The addition of /-arginine had little effect 
on the nitrogen of the liver but (//-methionine 
increased it, an increase which took place in 
the presence of a reduction in retention of 
nitrogen and a loss in body weight. The 
marked lipotropic effect of methionine is also 
shown by the reduction in the per cent of 
liver fat. Indeed the body fat is generally 
reduced below that found in the control 
animals, a reduction which contributed to 
the loss in body weight. 

The addition of (//-methionine to the casein 
diet increased the size of the kidney while 
/-arginine alone had no effect (See Table III). 
The addition of /-arginine plus (//-methionine 
tended to increase the size of the kidneys 
but the increase was by no means as mark^ 
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as with ///-methionine alone, arginine having 
an antagonistic effect to methionine. 

Summary, When excess /-arginine is 
added to casein, the nitrogen balance index 
is reduced slightly. An excess of ///-methion- 
ine on the other hand reduces the nitrogen 
balance index markedly and the excretion of 
creatinine is increased. When both /-arginine 
and (//-methionine are added to casein the 
nitrogen balance index is not reduced as much 
as it is in the presence of casein plus methion- 
ine, but the creatinine excretion is increased. 
The animals receiving 12% casein and pair- 
fed with the group receiving 12% casein plus 


4.8% (//-methionine lose weight slightly over 
a 20-day period. Those receiving’ 12% 
casein plus 4.8% methionine iose weight 
markedly, a loss which is overcome in part 
by adding 1.7% /-arginine to the methionine 
diet. The decrease in weight in the presence 
of a large excess of methionine is associated 
with a loss in body nitrogen and fat. The 
addition of (//-methionine increases the 
amount of nitrogen in the liver and reduces 
the amount of fat. Feeding (//-methionine plus 
casein increases the size of the kidney, an 
effect which is antagonized b}’’ /-arginine. 
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Influence of Protein Reserves on Neplirectomized and Renal Artery 

Ligated Dogs.^ 

E. Mylon and P. Goldstein.! (Introduced by i\I. C. Winternitz) 

From ill c Lab oratory of Pathology, Talc Vnivcrsity School of ^Icdicine, Tew Haven, Conn, 


The contrasting symptomatology, speed of 
elevation of blood nonprotein nitrogen and 
survival period of animals, after bilateral liga- 
tion of the renal arteries and removal of the 
kidneys has been reported.^ 

Ligation of the arteries results in earlier 
and more severe evidence of toxicity, more 
rapid rise in blood nonprotein nitrogen and 
is more rapidl}^ fatal. It is further of interest 
that the intravenous injection of renal ex- 
tracts after bilateral nephrectomy tends to 
reproduce the effects of ligation of the arteries. 
In these circumstances toxicity and elevation 
of blood nonprotein nitrogen develop earlier 
and the duration of life is materially short- 
ened. This evidence of association of accel- 
erated nitrogen catabolism and toxicity is 

♦Aided a grant from the Commonwealth 

Fund. . 

f James Hudson Brown Memorial Junior Fellow. 

iWintcrnitz, M. C., Mylon, E., Waters, L. L., 
and Katzcnstcin, E., Talc J. Biol, and iled., W40, 
12 623 

2 Mylon, E, Smith, E. K., and Goldstein, P., 
Jin. J. Physiol, 1948, 153, 55. 


reinforced b}'' the results of protein feeding 
to animals after removal of the kidneys” 
and also after substantial reduction of kidney 
function.-’^ It points to a probable patho- 
logical nitrogen metabolism with production 
of toxic intermediates that represent some 
part of the augmented blood nonprotein nitro- 
gen. Two factors seem to be concerned in 
the more rapid manifestations of toxicity and 
the rise in blood nonprotein nitrogen. They 
inv'’olve on the one hand some non-e.vcretor}’ 
renal function not \'et known and on the 
other availability of tissue protein. The 
latter can be reasonably controlled b}" diet; 
this h3TDOthesis is the basis of the experi- 
ments that follow. 

Materials and Methods. Two groups of 
animals were given protein poor and protein 
rich diets respectively for protracted periods 
prior to the ligation of the renal arteries or 
the removal of the kidneys. 

The daily ration of the protein poor diet 
per kilogram dog consisted of: Farina 15.0 g, 
Karo 2.5 g, Cod Liver Oil OA g , Fresh yeast 

3 Addis, T., Tr. J,^sn. Jvu Phys-f 1940, 55, 223. 
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cake 0.2 g, Salt mixture 0.3 g. The diet cor- 
responds to about SO cal, per kilogram dog. 
The composition of the salt mixture fol- 


lows; 

g 

Potassium cliloride 30 

Sodium chloride 40 

Magnesium chloride 20 

Pi-sodium phosphate TOO 

Monocalcium phosphate 100 

Calcium lactate 40 

Ferric ammonium citrate 10 


Nine animals included in this group were 
maintained on this diet for from 50-60 days. 
Then the kidneys were removed in 3 and 
the renal arteries ligated in the remaining 6. 

Another group of 13 dogs were allowed 
75 g each day of freshly ground horse meat 
per kilo — approximately the same caloric 
value as that of the protein poor diet. After 
14 days of such feeding the renal arteries of 
seven of these animals were ligated and the 
kidneys removed in the other 6. 

All operative procedures were facilitated 
with nembutal anesthesia, 30 mg per kilo. 
The exposures of the kidneys were by bi- 
lateral flank incisions and care was taken in 
ligation of the arteries to avoid inclusion of 
vein or ureter. The nonprotein nitrogen of 
the blood was determined with the half-micro 
Kjeldahl method. 

Results and Disaissioii, As can be seen 
from Table I and Fig. 1 and 2, the height 
of the nitrogen catabolism as well as the 
degree of toxic symptoms following either 
operative procedure, are greatly influenced 
by the diet fed prior to the operations. 
Table I demonstrates both elevated nitrogen 
catabolism and reduction of the survival 
period of meat fed animals (Group 1 and 
Group 3) as compared to the 2 groups of 
dogs conditioned by the protein poor diet 
(Group 2 and 4). 

In addition, the figures obtained for the 
animals of Group 1 and 3 indicate anew the 
contrasting symptomatology between bilateral 
ligation of renal arteries and removal of the 
kidneys. It can be seen that the former 
procedure results in a more rapid rise in blood 
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Fig. 1. 

Nonprotein nitrogen of the blood of renal artery 
ligated and nephrectomized dogs pre-fed either a 
meat or a carboliydrate diet. 

SURVIVAL TIME OF 

ea.NEPHRECT.DOGS REN. ART. LfG.OOGS 
CAR BOH. MEAT CARBOH. MEAT 


DAYS 



Survival time of renal arter;v’ ligated and 
nephrectomized dogs pre-fed cither a meat or a 
carboin'drate diet. 


nonprotein nitrogen* and in a significant 
reduction in the survival time. While ob- 
viously these effects are caused b}" substances 
liberated from the anoxemic kidney the 
mechanism of their action is not yet known. 
One lead ma}^ be available in the fact that 
these derivatives were only slightly active in 
animals of group 2, i.e. in those greatly de- 
prived of their protein reser\^es. This observa- 
tion suggests that renal substances; in them- 
selves not verj^ toxic, stimulate the intra- 
cellular nitrogen catabolism and that this 
stimulation is associated wdth the formation 
of toxic protein intermediates. 

Sinnmary and Conclusions. Renal artery 
ligation as well as nephrectomy was carried 
out in 2 groups of dogs, one maintained prior 
to the operation on a carbohydrate, the other 
on a protein diet. Following either operative 
procedure the nitrogen catabolism was more 
rapid, the toxic symptoms more severe, and 
the sur\dva] time shorter in protein pre-fed 
animals as compared with the carboh\'drate 
group. In the former the contrasting results 
of renal artery ligation and nephrectomy 
are marked. It may be concluded both that 
substances derived from the ischemic kidney 
stimulate catabolism of protein reserves and 
that the toxic s}Tnptoms following renal arter}^ 
ligation are associated with accelerated nitro- 
gen catabolism. 

t The differences in the noiiprotein nitrogen be- 
tween animals of Groups 1 and 3 for 4S hours and 
72 hours after the operative procedures are liighly 
significant. The p values for these two time periods 
are <C0,0]. 
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Antibacterial Activity of Gentisyl Alcohol and. Homogentisic Acid. 

Lynn D. Abbott, Jr., J. Doyle Smith, and J. Douglas Reid. 
(Introduced by J. C. Forbes) 

From ilic Departments of Chemistry and DacterioJogyf Medical. College of VirginiOj Jtichmond. 


It has been reported recently that gentisyl 
alcohoF and numerous derivatives of gentisyl 
alcohol-’^ have practically the same antibac- 
terial activity as patulin* against 5. aureus in 
plate tests. Raistrick and coworkers^ had re- 
ported previously that gentisyl alcohol had 
only slight activity against 5. aureus, in con- 
trast to the strong antibacterial activity of 
patulin ® 

In preparation for studies involving homo- 
logous alcohols related to gentisjd alcohol we 
prepared gentis^d alcohol in order to test its 
antibacterial activity against S. aureus. In 
contrast to the reported findings of the Swiss 
workers, but in agreement with the original 
report of Raistrick and coworkers, ^ our results 
with gentisyl alcohol in the cylinder plate pen- 
icillin assay technic indicated only slight anti- 
bacterial acti\nty over a broad pH range. For 
this reason work ndth the higher homologues 
of gentisyl alcohol is not contemplated at the 
present time, but in view of the relationship 
of homogentisic acid to the next higher homo- 
logue of gentisyl alcohol we have also tested 
this compound for antibacterial activity 
against 5. aureus. We found it to have 
definite but slight antibacterial activity of 
about the same order of magnitude as that of 
gentisyl alcohol. Curves showing the anti- 

1 Brack, A., iTffv, Cnitn. ^efn, 1947, 30, 1. 

2 Renz, J., ihid.t 1947, 30, 124. 

3 Sccbcck, E., ihid., 1947, 30, 149. 

* Also kllo^v^l as clavacin, clavatin, rlaviformin, 
and expansin.-t 

** M aksman, S. A., Microhial Antagonisms and 
Antibiotic Suhstancesy 2i\d Ed., The CommoTi- 
wealth Fund, Xc\y York, 1947, p. 210. 

5 Birkinshaw, J. H,, Bracken, A., and Raistrick, 
H., Biochem^ J., 1943, 37, 726. 

c Birkinshaw, J. H., Bracken, A., Michael, S. E., 
and Raistrick, H., Lancet, 1943, 2, 625. 



Fig. 1. 

Effect of pH of the medium on the antibacterial 
actiritT of penicillin, gentisyl alcohol, and homo- 
gentisic acid. 

bacterial action of gentisyl alcohol, homogen- 
tisic acid and penicillin in relation to pH of 
the medium are presented in Fig. 1. 

Experimental. Gentisyl alcohol was pre- 
pared by catalytic hj^drogenation of gentisal- 
dehyde according to the method of Birkin- 
shaw, Bracken and Raistrick.-' Synthetic 
homogentisic acid was prepared by a pro- 
cedure which we intend to present in detail 
elsew-here. These compounds were purified 
recrystallization several times and gave 
melting points agreeing with those reported in 
the literature. 

Essentially the same cylinder plate pro- 
cedure as that reported by Schmidt and Moy- 
er’ for the assay of penicillin was used to de- 

7 Schmidt, W. H., nnd Mover, A. J., J. Bact 
1944, 47, 199. 
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termine antibacterial activity of the com- 
pounds. The only variation from this tech- 
nic was in use of Difco '^peitassay^^ seed agar 
adjusted to variable hydrogen ion concentra- 
tions and the use of distilled water instead of 
buffer solutions to dissolve the penicillin and 
test compounds. Cylinders 8 mm in diameter 
were used, and S. ajtrc?^ 209P was the test 
organism. All tests were run in quadruplicate, 
and an average of the 4 zone diameters was 
taken for the final reading. 

Dhcnssioit. A concentration of 20 mg/ml 
of gentisyi alcohol or of homogentisic acid 
was necessary to produce antibacterial activity 
comparable to that shown by 0.1 unit/ml of 
the working standard of penicillin. Brack^ 
reported antibacterial activity with concentra- 
tions of gentisyi alcohol of 100 y/cc over the 
pH range 5.0 to 8.5. This degree of antibac- 
terial activity was not observed in our experi- 
ments. We did note slight activity with this 
concentration of gentisyi alcohol in the pH 
range above, 8.2. With 2% gentis^d alcohol 
antibacterial activity was more marked at low 
and at high pH values. Some oxidation of 
the compound occurs in the assa}'' procedure, 
especially in alkaline media, and is evidenced 
by browning of the zones of inhibition. The 
possibility that oxidation products might have 
contributed to the antibacterial activity of 


gentisyi alcohol noted in these cases has not 
been investigated. It will be noted Uiat the 
pH activity curve usually observed with peni- 
cillin was obtained for control and compara- 
tive purposes in these experiments. 

The various results of different laboratories 
might possibly be due to differences in media, 
test organism or to a combination of these 
two important factors, and tliey suggest that 
these factors may be critical in the evaluation 
of the antibacterial activity of gentisyi al- 
cohol or its derivatives. 

The slight antibacterial activity e.xhibited 
by homogentisic acid has not to our knowledge 
been described previously. This activity de- 
creased rapidl}’’ with increase in the pH of the 
assay agar. 

Suvwiary. Gentisyi alcohol in our experi- 
ments was found to have onl}’’ slight antibac- 
terial activity over a broad pH range. Our 
results with this compound are at variance 
with those of Brack’^ but are in agreement 
with the original report of Raistrick and co- 
workers.^ 

Homogentisic acid was found to have a 
definite but slight antibacterial activity. 

The effect of pH of the medium on the 
antibacterial activity of these compounds 
against 5. aureus was studied. 
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Purification of Psittacosis Virus by Alcohol Precipitation and 

Centrifugation. 

John C. Wagner, OR\^LLE J. Golub and \’ivian W. Andrew 
(Introduced by_ Keith H. Lewis) 

From the Biological Division, Chemical Corps Bescarch ami Development Department, Camp 

Vet riel:, Frcil oriel:, Md, 


A number of procedures have been de- 
scribed in which chemical agents such as cal- 


1 Stanley, W. M., Science , 1945, 101, 33.. 
SBodilr, H. L., Corey, M., .and Eaton, Jt. D., 
Pkoc. Soc. exp. Biol, and iSfED., 1943, •>-, lOo. 


cium phosphate,* alum," protamine,’’’ zinc and 
magnesium hydro.vide'’ are utilized in the con- 
centration and partial purification of influenza 

3 Cliamljcrs, E. A., and llenic, IV., ri!OC. .Sor. 
Exp. Biol, and JIed., 1941, 48, 4S1. 
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virus. Recent experiments were reported by 
Cox et al? on the treatment of this virus with 
organic solvents such as methyl and ethyl 
alcohols and the possibility of applying the 
same procedure in the purification of other 
viruses was suggested. Accordingly, experi- 
ments were conducted to determine, (1) the 
effects of methyl and ethyl alcohol on the 
viability of psittacosis virus and (2) the 
purification value of this method compared 
to simple centrifugation. 

Materials and Methods. The 6BC strain 
of virus used in these tests was originally ob- 
tained from Dr. K. F. Meyer. Following 
inoculation with an allantoic passage strain 
of this virus, the eggs were incubated at 37®C 
for 4 to 5 days. They were then candled and 
living embryos chilled at 4‘'C for 12 to 18 
hours, after which the allantoic fluid was 
harvested aseptically and used as starting 
material. Usually the harvest was held an- 
other 18 to 24 hours at 4°C pending the 
results of sterility tests. 

Infectivity titrations were performed by 
the single dilution method, /.c., the inocula- 
tion of 0.25 ml of a single dilution of each 
test aliquot into the yolk sacs of 30 embry- 
onated eggs. The eggs were candled at 24 
hour intervals thereafter. The LD^o is then 
calculated from the average day of death 
of the group of embryos.® 

Total nitrogen determinations were made 
by the micro-Kjeldahl method.* 

The alcohol precipitation method used was 
comparable to that recently described by Cox 
ct al:* To aliquots of infected allantoic fluid, 
cooled to 0°C, absolute methanol or ethanol 
(previously chilled to -40° C or below) was 
added dropwise through a capillary pipette 
until final concentrations of from 5^ to 40% 
by volume were reached. The mixtures were 

4 McKinstry, D. W., nnd Cox, H. R., 1945, Un- 
publislicd experiments. 

5 Cox, n. K., Van Der Schecr, J., Alston, S., and 
Bohncl, E., J. Immunol., 1947, 5G, 149. 

<5 Golub, 0. J., J. ImmunoLf 194S, in press. 

•Determinations made by Dr, Benjamin War- 
sliowsby of the Biological Division, Camp Detrick, 
Frederick, Md. 


held at 0°C for approximately 3 hours and 
then centrifuged for 30 minutes at 3500 rpm 
in a Xo. PR-1 International Refrigerated 
centrifuge (0°C) equipped with an angle head 
rotor. The supernatant fluid was removed 
with a syringe and discarded. The precipi- 
tate was resuspended to original volume in 
0.1 molar phosphate buffer, pH 7.4, and 
gently agitated on a mechanical shaker for 1 
hour at room temperature. The suspension 
was then centrifuged at 1500 rpm for 15 
minutes at room temperature in a No. I In- 
ternational centrifuge equipped with a hori- 
zontal rotor. The supernatant fluid, removed 
from the insoluble sediment, was titrated for 
virus activity in eggs by the method de- 
scribed. No pH adjustments were made. 

Results. Following the completion of pre- 
liminary experiments on the behavior of 
psittacosis virus to the alcohol precipitation 
technic, tests were conducted to determine the 
effect of var3dng concentrations of methanol 
and ethanol on the \dability of the virus. 

Precipitation of allantoic fluid virus with 
varying concentrations of absolute methanol. 
To aliquots of infected allantoic fluid, previ- 
ouslj' centrifuged at 1500 rpm for 15 minutes 
to remove supposedly only large particles of 
extraneous material, absolute methanol 
(-40° C) was added in concentrations of from 
S% to 40%, and the samples treated accord- 
ing to the procedure outlined. A control ali- 
quot of virus from each starting virus sus- 
pension was held at 0°C during the period 
of the extraction. Upon completion of the 
process, each alcohol fraction was titrated 
along with the control for virus infectivity 
in embrj^onated eggs. 

The results shown in Table I are typical of 
the observations made on several repeat e.x- 
periments. There did not appear to be an 
optimum concentration of methanol be- 
tween S% and 30% which would consistently 
yield high recover}’ values of living virus as 
measured by infectivity tests. Although 
the results of tests made for mg total N/ml 
indicate that in most instances better than 
90% of the nitrogen had been removed, the 
loss in infectivity titer varied from 0.2 to 
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„ . . TABLE I. 

Precipitation of Psittacosis Virus from Allantoie Fluid with Varving- .Cdiicentrations of Methanol. 


Precipitation by absolute methanol concentration of: 


Lot No. 

Type of data 

Control 

' 5% 

10% 

15% 

20% 

25% 

30% 

40%^ 


LD-o (iieg. log) 

6.2 

6.0 

5.8 

5.9 



■ 

<2.0 

1 

% recovery 


63 

40 

50 




<<n 1 


MgN/ml 

0.516 

0.017 

0.018 

0.019 




0.057 


LD-^o (neg. log) 

7.0 



6.6 

6.5 

6.8 

6.5 

<2.0 

2 

% recovery 




40 

32 

63 

32 

<0.1 


Mg N/ml 

0.447 




0.021 

0.027 

0.035 

0.042 


LDso (neg- log) 

6.3 



5.8 

5.8 

5.9 

6.0 


3 

% recovery 




32 

32 

40 

50 



MgN/ml 

0.504 



0.034 

0.050 

0.055 

0,049 



TABLE II. 

Companson of Virus Recoverios by Alcoho l Precipitation at 'Different Temperatures. 





Methanol 



Ethanol 


Temp, of 
alcohol 

% cone, of 
precipitant 

LD,o 
(neg. log) 

% 

recovery 

iig ' 

N/nil 

LD,-o 
(neg. log) 

% 

recovery 

Mg' 

X/ml 

-40°C 

0 

(control) 

6.4 

*100 

.588 

6.4 

100 

.588 


10 

6.0 

40 

.012 

6.0 

40 

.024 


25 

6.5 

100 

.054 

<2.0 

<.l 

.006 


40 

<2.0 

<.l 

.090 

<2.0 

<.l 

.064 

0®C 

0 

(control) 

6.4 

100 

.588 

6.4 

100 

.588 


10 

5.5 

13 

.050 

5.6 

16 

.021 


25 

C.O 

40 

.045 

<2.0 

<.I 

.064 


40 

<2.0 

<.l 

.070 

<2.0 

<1 

.051 


* The control LDr.o is given a value of 100%. The per cent recoveries of precipitated suspensions are 
all based on this figure. The control for both the ethanol and methanol scries is the same virus sus* ' 
pension. 


0.5 log, indicating recoveries between 63 and 
32%, respectively, of the original virus ma- 
terial. Methanol concentrations of 40% total 
volume were in all cases definitely destructive 
to the virus. 

Precipitation of allantoic finid unth absolute 
ethanol as compared to methanol {at 
and In view of the poor recovery 

values obtained with methanol (-40‘’C), it 
was decided to make comparative tests using 
absolute ethanol as the precipitant at both 
^0®C and 0°C. To measured aliquots of 
the virus chilled to 0°C were added varying 
concentrations of the alcohol previously 
chilled to either (1) below -40 C in an ace- 
tone-dry ice bath, or (2) 0°C in an ice-water 
bath. The results are shown in Table II. 


It can be seen that when the precipitations 
were performed at either temperature, a con- 
centration of 25% ethanol was toxic, whereas 
fair or good recoveries were obtainable with 
methanol at the same concentration. At the 
40% level, both alcohols resulted in a marked 
inactivation of the virus at either temperature. 
The probable greater denaturation of virus 
protein resulting from ethanol activity is in 
agreement with similar observations made by 
Liu ct al.'* on denaturation of serum proteins. 
The results of total nitrogen determmations 
indicated that similar purifications resulted 
whether ethanol or methanol was used. 


7JAxi, Szu-Chili, and Wii, H5ien, Chiuntr J. 
Phr/siol, 1937, 11, 315. 
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In view of the observations made by Laz- 
arus^ on the comparative susceptibility of 
psittacosis virus to trypsin, attempts were 
made to digest the proteins of infected allan- 
toic fluid by preliminary treatment vnth this 
enzyme. Although the virus withstood the 
action of the trypsin, it was not possible to 
demonstrate any increased purification when 
the digestion was done prior to alcohol precipi- 
tation. 

In the course of our studies on the mechan- 
ism of the precipitation it became increasing- 
ly evident that, at least in the case of psitta- 
cosis virus, the sedimentation of the virus dur- 
ing the alcohol procedure was in all proba- 
bility due to centrifugation (3500 rpm/30 
minutes) and not to a virus protein precipita- 
tion. It was apparent also that preliminary 
centrifugation of infected allantoic fluids at 
1500 rpm for 15 minutes was sedimenting not 
only large particulate matter, but a consider- 
able proportion of the virus as well. This was 
especially true when the harvested allantoic 
fluid contained large quantities of insoluble 
material. Aliquots of original infected fluid, 
not subjected to any preliminary centrifuga- 
tion, were precipitated with absolute meth- 
anol at -76 °C and centrifuged at varying 
speeds from 1500 to 3500 rpm for 30 minutes, 
after which the sediments were suspended in 
phosphate buffer and tested for virus activity 
as previously described. A second virus 
preparation, previously purified by centrifu- 
gation ,t was also subjected to the same 
alcohol procedure. Aliquots of the same 

S Lazarus, A. S., and Meyer, Iv. F., J. Bad,, 
1030, 38, 121. 

" Preliminary purification was accomplished as 
follows: original infected allantoic fluid was spun 
at 4000 r.p.m. for GO minutes in a refrigerated 
angle-head centrifuge. The supernatant fluid was 
discarded and the sediment resuspended to ap- 
I)roxiinately one-half the original volume in phos- 
pliate buffer, shaken vdth glass beads for several 
minutes, and centrifuged at 2000 r.p.m. for 15 
minutes. The supernatant fluid was removed, 
spun again at 4000 r.p.m. for GO minutes and the 
sediment resuspended to the original volume in 
• buffer solution. This procedure removes most of 
the e.xtraneous protein and cell debris without sig- 
nificant loss of active rirus. 
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parent pools, not treated with alcohol, were 
included as controls. 

Table III shows the results obtained in 
terms of the virus recovery and N content. 
It is apparent that when such preparations 
of original . allantoic fluid are subjected to 
centrifugation alone, at speeds even as low 
as 1500 rpm, the virus is sedimented and 
recoverable in its entirety, within the limits 
of the error of the methods employed. Several 
virus samples indicated greater than 100% 
recovery, and it is believed that these are the 
results of disaggregation of virus clumps 
normally present in the original allantoic 
fluid. When a partially purified virus sus- 
pension was employed, the centrifugal force 
necessar}’^ to bring down virus activity was 
definite!}’' increased but the addition of alco- 
hol did not augment the recovery of virus. 
The N content of the partially purified virus 
suspension (Table III, under Refrigerated 
Control) is further shown to be lower than 
in the original allantoic fluid preparations 
treated with alcohol. The original fluid, 
w^hich was subjected only to varying speeds 


of centrifugation from 1500 to 3500 rpm for 
30 minutes, demonstrates as great a reduction 
in ntin-vdral N as those preparations under- 
going alcohol precipitation. Therefore, it 
must be concluded that the alcohol did not 
act as a virus precipitant with this agent and 
that the primary factor in sedimentation and 
purification by this procedure was the simple 
centrifugation employed in the process, 

Sinnmary. Experiments are reported on 
the effect of methanol and ethanol on the 
viability and purification of psittacosis virus. 
A comparison of this technic with differential 
centrifugation is presented. 

The results suggest that the separation of 
virus from crude allantoic fluid was depen- 
dent on a non-specific adsorption of the virus 
on particulate matter either present originally 
in the allantoic fluid or brought out of solu- 
tion by the alcohol. With virus suspensions 
first purified by centrifugation, the speed of 
centrifugation and not the precipitation by 
alcohol was the determining factor in the 
recovery of virus. 


16670 

Changes in Ascorbic Acid Metabolism of the Rat During Infection with 

Trypanosovjo htppictnuJ^ 

Shirley J. Nyden. (Introduced by E. 'M. K. Ceiling) 

From the Depart mciii of Pharmacology, University of Chicago, 


investigation of the biochemical changes 
occurring in the host during tr}T3anosomiasis 
has been directed primarily toward the ob- 
servation of changes in carbohydrate metab- 
olism.^ There have been some studies, 
however, which indicate that the ascorbic acid 


* The work presented in this paper was sup* 
ported by a grant from the U. S. Public Health 
Service. 

In partial fulfillment of the requirements for 
the degree of Master of Science, Department of 

Pharmacology, Hnirersity of CWcago. 

1 VonBrand, T., Quart. TiCv. Btol., 1938, 13, 41. 


metabolism of the host is affected during 
infection, Scheff and Csillag- showed Uiat the 
ascorbic add content of the liver and blood 
of guinea pigs is lowered during infection 
with Trypanosoma brucci. Ascorbic acid 
administration was reported by Perla^ to in- 
crease the resistance of guinea pigs to infec- 
tion with T, brucci, but not to alter the course 
of the infection in mice. These findings sup- 


2 Schell, G., and Csillag, 2,, Arch, f, ezg. Path. 
PharmaVoh, 193S, ISS, 467. 

sPcrla, D., Am, J, Jlyg., 26, 374. 
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ported the report made by Borghi** that 
scorbutic guinea pigs showed an increased 
susceptibility to infection with T. bruccu 
The present study was undertaken to inves> 
tigate alterations in the content of the tissue 
ascorbic acid of rats infected with T. hipp'i- 
cim. The distribution of oxidized and re- 
duced ascorbic acid was studied in the hope 
that analysis for both forms would yield some 
information leading to a better understanding 
of the biochemical changes observed during 
trypanosomiasis. 

Methods and Materials^ Male Sprague- 
pawley rats weighing 200-300 g were kept on 
« a uniform diet^ 3 weeks previous to use in 
order to attain a constant level of ascorbic 
acid in the tissues. The animals were divided 
into two groups. The first, or control, group 
was sacrificed at the end of the 3 weeks feed- 
ing period, while the second group was infect- 
ed after this feeding period and then main- 
tained on the same diet during the course 
of infection. Both normal and infected ani- 
mals were fasted 24 hours before their tissues 
were taken for analysis. The strain of T. 
hippicum usedf was maintained by passage 
through rats, which were infected by intraperi- 
toneal injection of the trypanosomes sus- 
pended in Ringer-Locke solution at pH 7.4. 
About 36 hours after infection the level of the 
parasitemia was determined by hemocyto- 
meler. From this information is was possible 
to predict the time of death to within 6 hours 
of its occurrence which was, on the average, 
60 hours after infection. . The infected rats 
were sacrificed after pre-mortal symptoms 
appeared, but before the terminal convulsions 
occurred. 

Samples of liver, spleen, adrenal, skeletal 
muscle and plasma were taken for analysis. 
In the assay of the adrenals, one gland was 
used for the determination of oxidized as- 
corbic acid and the other for total ascorbic 

^Borghi, B., atti occnd. XiTirct, 1933, 17, CG5. 

JiHasch, Z., and Hajdu, I., Pfiugcrs Arch,f 1939, 
211, 507. 

t The strain of T. hippicum nsed in these e.xpori- 
incnts was kindly supplied by Dr. M. H. Soule, 
University of Michigan, 


acid. -Plasma, free of trypanosomes, was 
obtained by differential centrifugation of hep- 
arinized blood collected after decapitation of 
the animals. The tissues were homogenized^^ 
in a 5% trichloroacetic acid for total ascorbic 
acid, or in 6% metaphosphoric acid contain- 
ing 0.5% thiourea for dehydroascorbic acid 
analyses. Samples of plasma were added to 
similar acid solutions. Dehydroascorbic acid 
was measured in the acid extracts by the 
method of Roe and Oesterling* modified by 
Herrmann and DuBois,® and total ascorbic 
acid was measured by the method of Bessey, 
Lowry, and Brock.® The spectrophotometric 
measurements were carried out on a Coleman 
spectrophotometer at 520 m/jt wave length. 
Values for reduced ascorbic acid were calcu- 
lated by subtracting the values for dehydro- 
ascorbic acid from those of the total. 

All values for tissue ascorbic acid were ex- 
pressed as mg of ascorbic acid per g of dry 
tissue. There was no significant difference 
between the water content of the tissues of 
the infected rats and that of the control rats. 
The results of the plasma analyses were ex- 
pressed as mg of ascorbic acid per g of plas- 
ma. Means were calculated for both the 
control and infected animals, and the signifi- 
cance of the results was evaluated by calcu- 
lating the “t’* values between the means of 
the experimental and control data, in which 

V Cl- + CO- 

Results. The figures in part 1 of the table 
show that a large decrease was observed in 
the total ascorbic acid content of the spleen. 
The greatest proportionate decrease took place 
in the reduced fraction, while the dehydro- 
ascorbic acid showed a slight, but not very 
significant, decrease in the infected animals. 
In the course of these experiments it was 

G Potter, V. R., and Elvebjem, C. A., J. PioL 
Chevu, 1936, 114, 495. 

‘T Roe, J. H., and Oesterling, M. J., J. Biol» 
Cbem., 1944, 152, 511. 

8 Herrmann, R., and DuBois, K., unpublished. 

9 Bessey, O., Lowry, 0., and Brock, ^I. J., 
J. Rio?. C/icm.. 1947. 

10 Burn, J. H., Biological Standardization, Ox- 
ford University Press, London, 1937, 29. 
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observed that the ratio of the wet weight of 
the spleen to the total body weight increased 
from 1.94 x 10"^ in the controls to 5.46 x 
lO"^ in the infected rats, an increase of 281% 
in the spleen to body weight ratio. When the 
total amount of ascorbic acid was calculated 
from the weight of the total spleen and the 
concentration of ascorbic acid in mg per g 
of wet tissue, if was found to increase only 
175%. This indicated that the decrease 
observed in the spleen was an actual diminu- 
tion in the ascorbic acid content, and was not 
due to a dilution of the ascorbic acid normally 
present as the result of splenic hypertrophy. 

The results of the ascorbic acid analyses on 
the adrenals are presented in part II of the 
table. The total ascorbic acid of the adrenals 
of the infected animals decreased signifi- 
cantly. The primary alteration occurred in 
the reduced fraction, while the dehydroas- 
corbic acid showed no change from normal. 
Since the ascorbic acid of the adrenal is con- 
centrated in the cortex, the change repre- 
sented by these results would be more pro- 
nounced if the determination were based on 
the cortex alone, rather than upon the entire 
adrenal. 


The changes which took place in the liver 
ascorbic acid are shown in part III of the 
table. The total ascorbic acid decreased during 
infection. As in the spleen and adrenal, the 
greatest proportionate decrease occurred in 
the reduced form. The dehydroascorbic acid 
of the liver of the infected animals was also 
less than that obser\^ed in the controls, but 
this decrease was not statistically significant. 

The ascorbic acid concentration of the 
muscle was not greatly affected by infection 
with r. h'lppicmu It can be seen from part 
IV of the table that, altiiough the muscle 
dehydroascorbic acid increased slightly, the 
significance of the increase (t = 2.9) is open. 


o question. 

The figures in part V of the table show 
hat tlie ascorbic acid of the plasma was de- 
rated above normal. Unlike the tissues dis- 
mssed previously, both fractions were in- 
•reased to the same extent. The dehydro- 
iccorbic and reduced ascorbic acid each in- 


creased 100% in the plasma of the infected 
rats. 

Discussion, The lowered concentration of 
reduced ascorbic acid in the spleen and adren- 
al, without an equivalent decrease in oxidized 
ascorbic acid, indicates that there was an 
interference in the oxidation-reduction pro- 
cesses of the host during infection, which may 
have been responsible for the changes observTd 
in the distribution of ascorbic acid in the 
infected animals. These findings are com- 
parable to those of Scheff and Csillag^ who 
found that the reduced glutathione decreased 
while the total glutathione did not change in 
the blood and liver of guinea pigs infected 
with T. brncci. To a lesser extent, a similar 
decrease took place in the ratio of reduced 
to oxidized ascorbic acid in the muscle, be- 
cause of the increase observed in delu’dro- 
ascorbic acid. In the liver and plasma, the 
normal ratio was not measurably altered. 

The decrease in ascorbic acid in all tissues 
studied, e.xcept muscle, accompanied by an 
increase in plasma ascorbic acid, suggested 
thati the metabolite ma\^ have diffused from 
the tissues to the blood. This explanation 
does not seem wholly adequate, since a greater 
decrease took place in the reduced fraction 
in the depleted tissues, while both forms of 
ascorbic acid increased in the plasma. 

Our knowledge of the metabolic require- 
ments of trypanosomes is limited, but it is of 
interest to note that Groat and iMora” found 
that their strain of T, cruzi required reduced 
ascorbic acid for cultivation in vitro. Further 
investigation of the changes produced in the 
o.xidatlon-reduction systems of the host by 
T, hippicum may reveal the significance of 
the alterations in the distribution of ascorbic 
acid obser\'ed and their relation to the synip- 
tomology of the infection. 

Summary, Dehydroascorbic and total as- 
corbic acid were measured in the liver, spleen, 
adrenals, muscle, and plasma of rats infected 
with T, hippicum and the reduced ascorbic 
acid content of these tissues was calculated. 

'‘nGroat^ 'n.7 mMl” 

Bogota, 1947, 2, ISS. 



TABLE L The Effect of 1\ Idpincmn Infection on Ascorbic Acid Content of Kat Tissues. 
Ascorbic acid content is expressed as mg per g of dry tissue. In the spleen, adrenal, liver and 
muscle, 7 control animals and 7 infected animals were used. In the analyses made upon the 
plasma, 2 separate groups of 8 animals each were used. 

Beduced mg/g 

Total mg/g Dehydro. mg/g (Total-dehydro.) 

Animal ^ . > / ^ 

No. Control Infected Control Infected Control Infected 


Spleen I 

1 

3.22 


1.75 

' 0.59 


0.34 

2.63 


1.41 


2 

3.04 


2.14 

0.46 


0.27 

2.58 


1.87 


3 

2.83 


1.64 

0.20 


0.34 

2.63 


1.30 


4 

3.34 


1.72 

0.35 


0.19 

2.79 


1.53 


5 

3.00 


1.72 

O.SO 


0.23 

2.70 


1.49 


6 

2.79 


1.9G 

0.36 


0.26 

2.43 


1,70 


7 

2.92 


2.07 

0.33 


0.26 

2.59 


1.81 


mean 

2.99 


1.86 

0.37 


0.27 

2.62 


1.59 


e 

0.06 


. 0.07 

j 

0.05 


0.02 

0.06 

V 


0.08 


r 


11.9 



2.0 



I0.,3 


Adrenal II 

1 

l2.7o 


11.41 

0.99 


1.03 

11.76 


10.38 


2 

14.9G 


8.77 

1.24 


0.52 

13.72 


8.25 


3 

— 


ll.Go 

1.26 


1.39 

— 


10.25 


4 

12.G7 


9.02 

0.83 


0.98 

11.84 


8.04 


5 

13.50 


8.31 

1.02 


0.82 

12.48 


7.49 


6 

10.98 


10.25 

0.91 


1.17 

10.07 


9.08 


7 

13.74 


8.77 

0.71 


0.74 

13.03 . 


8.03 


mean 

13.10 


9.70 

0,99 


0.95 

12.15 


8.79 


€ 

0.54 


0.51 

j 

0.08 

V 


0.11 

0.52 

V 


0.43 


t 


4.G 



0.31 



5,0 


Tiiver III 

1 

1.22 


1.01 

0.29 


0.32 

0,93 


0.79 


2 

1.38 


0.6G 

0.23 


0.09 

1.12 


0.57 


3 

1.28 


1.03 

0.35 


0.23 

0.93 


0.80 


4 

1.10 


0.84 

0.12 


0.08 

0.98 


0.76 


5 

1.59 


0.80 

0.15 


0.08 

1.43 


0.72 


G 

1.08 


0.78 

0.17 


0.11 

0.91 


0.67 


7 

1.17 


0.67 

0.13 


0.13 

1.04 


0.54 


mean 

1.2G 


0.83 

0.21 


0.15 

1.05 


0.69 


c 

0.07 


0.06 

0.03 


0.03 

0.07 


0.04 


t 


4.90 


1.4 



4,5 


Muscle IV 

1 

0.18 


0.23 

0.06 


0.16 

0.12 


0.07 


o 

0.17 


0.33 

0.08 


0.10 

0.09 


0.23 


3 

0.20 


0.20 

0.07 


0.14 

0.12 


0,07 


4 

0.25 


0.20 

0.07 


0.06 

0.18 


0.14 


5 

0.20 


0.24 

0.07 


0.06 

0.12 


0.17 


G 

0.20 


0.20 

0.07 


0.09 

0.12 


0.11 


7 

0.18 


0.20 

0.07 


0.09 

0,11 


0,11 


mean 

0.20 


0.23 

0.07 


0.10 

0.12 


0.13 


e 

0.01 


0.02 

J 

0.003 


0.01 

0.01 


0.02 

Plasma Vt 

t 

1 

0.01,5 

1.8 

0,041 

0.010 

2.9 

0.017 

0.005 

0.44 

0.024 


2 

0.02.5 


0.042 

0.016 


0.032 

0.009 


0.010 


3 

0.017 


0.050 

0 012 


— 

0.005 




4 

0.023 


0.046 

0.009 


0.028 

0.014 


0.01. S 


o 

0.019 


0.042 

0.014 


0.033 

0,00.5 


0.009 


G 

0.02G 


0.050 

0.015 


0.O.39 

0,011 


0.011 


7 

O.OIG 


0.051 

0.008 


0.021 

O.OOS 


0.030 


S 

0.020 


0.032 

0.017 


0.020 

0.00.3 


0.012 


mean 

0.020 


0.044 

0.013 


0.027 

0.008 


0.016 


e 

0.002 

V 


0.003 

0.001 


0.003 

0.001 


0.003 



t 


9.G 



4.4 



2.7 



— mj 

V 

♦ nip nsforbic ackl/p of plnsma. 


210 


Effect of Temperature on Clotting 


The liver, spleen and adrenals showed signifi- 
cant decreases in reduced ascorbic acid con- 
tent. The dehydroascorbic acid content of 


the muscle was increased slightly and both 
dehydroascorbic and reduced ascorbic acid of 
the plasma were increased two-fold. 
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Effect of Environmental Temperature Upon Clotting Time of Whole Blood. 
^ Murray ^^"EINER and Shepard Shapiro 

From the Goldwaier Ifemona? Bospital, Welfare Island, Few Xork City, and the Vcpartmcnt 
of Medicine, Few Tori; University College of Medicine, Few Tori' City. 


The /;; vitro clotting time of normal whole 
blood, as reported by various workers, has a 
wide range of activity, varying from one min- 
ute to over IS minutes.^ There are several 
factors responsible for the wide variations. 
One important consideration is the method 
of obtaining blood samples. When finger 
puncture methods are used, there is a variable 
degree of contamination with thromboplastic 
tissue substances. With venous blood, the 
tissue substances are imp>ortant only when 
venipuncture is not smooth. Another major 
variable is the degree of trauma and surface 
contact to which the blood is subjected dur- 
ing the determination. When the venipunc- 
ture is dean, and the apparatus and manipu- 
lations are standardized so that traumatic 
factors are kept constant, the only remain- 
ing significant extrinsic variable is the tem- 
perature. It is the purpose of this paper to 
indicate the magnitude of the effect of room 
temperature on the clotting time of whole 
blood. 

• In order to standardize the trauma factor 
and retain a precise endpoint, a rotating 
tube method for clotting time has been de- 
veloped.^ By this method 0.5 ml of venous 
blood is promptly placed in the bulbous end 
of a tube rotated around its long axis at a 
slow constant rate (one r.p.m.) by an elec- 
tric motor. When the blood dots, the fibrous 

M., amTsi^ S., Uh, and Clin, 
Med., 19-47, 32, 1037. 


strands adhere to the ascending wall of the 
tube and are thus readily detected. The 
advantages of this method are that the degree 
of trauma and surface contact is constant 
and mechanically determined, and the end- 
point is precise. 

In order to determine the influence of 
temperature on the clotting time by this 
method, three identical sets of apparatus were 
set up at three different temperatures. One- 
half ml aliquots of the same samples of blood 
were delivered into bulbous tubes and the 
clotting time (fibrin appearance time) de- 
termined at the 3 different temperatures. The 

TfCtr /V 
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blood sample were taken from patients 
chosen at random. In Fig. 1 the tempera- 
tures at which each clotting time was de- 
termined is plotted against the corresponding 
clotting, time, and points determined with the 
same sample of blood are connected by 
broken lines. The solid line represents the 
estimated average slope of these broken lines. 
Its position in the figure is based on the 
average normal value of 5 min. 28 sec. pre- 
viously deterniined at about 26°C. At 
this temperature, 4 to 6 3/4 min. is considered 
the normal range. It is obvious from the 
curve that winter-summer variations of room 
temperature, which may range from 19°C 


to' 2>VC in temperate climates, can result in 
considerable changes in the normal range of 
clotting time. 

It is recommended that a curve such as 
shown in Fig. 1 be used to evaluate clotting 
time results ^vhenever this determination is 
performed at room temperature. 

Summary, The effect of room tempera- 
ture on the clotting time of whole blood de- 
termined by the rotating tube method is de- 
scribed. The clotting time may be significant- 
ly prolonged in cool environments, and short- 
ened in warm weather. A curve is described 
to correct for this factor. 
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Pteroylglutamic Acid Deficiency in Mice: Hematologic and Histologic 

Findings.* 

David R. Weir, Robert W. Heinle, and Arnold D. Welch. 

From the Departments of Medicine and Fliarmacology, School of MedicinCj IVcsiern Deserve 
University^ and the University Hospitals of Cleveland, 


The production of a deficiency of pteroyl- 
glutamic acid (PGA) can be accomplished in 
various mammalian species by feeding a puri- 
fied diet containing the known essential vita- 
mins, excluding PGA, to w^hich has been 
added either succinylsulfathiazole, a PGA 
antagonist, or both. In the deficient state 
the animals have showm varying degrees of 
reduction of all circulating elements in the 
blood stream. Reports of bone marrow find- 
ings have been conflicting and incomplete and 
have not been reported previously for mice. 

Procedure. Deficiency may be established 
in weanling mice more quickly than in adults. 
Weanling animals of a Swiss strain with an 
average weight of about 20 g ^Yere placed in 
wire mesh cages and ^Ye^e alloNYed distilled 

* Tills research was made possible by a grant 
from the Price ^tcKinnoy Memorial Pund and is 
part of a study aided by a grant from the rnited 

States Public nealth Service. 


water ad libitum. They w^ere fed unlimited 
quantities of a PGA free diet of the folloiYing 


percentage composition: 

Glucose (' * Cerelose”) 59.1 

Casein (‘‘Labco’’ vitamin free) 20.0 

Cellulose (**Cellu-flour’^ or 5.0 

Salts TJSP (Smaco) 3.8 

Accessory salts^ 0.2 

Choline chloride 0.2 

Inositol 0.1 

Tliiaxnine hydrochloride 0.0005 

Ribofla^^n 0.001 

Pyridoxine hydrochloride 0.0005 

Niacinamide 0.005 

Calcium pantothenate 0.0055 

Ascorbic acid 0.01 

2-metbyM, 4-napthoquininc 0.001 

Biotin 0.00001 

Hydrogenated vegetable oils ('‘Primex^’) S.O 
Corn oil containing vit. A, D, and Et 2.0 


* Accessory salts contained in 0.2 g (expressed 
in mg): KCI, 100: NaCI, 87.2; Fc.?0., 10; 

1; ZnSOj-THjO, 1; CuSO^ • SH^O. 1; 
Nal, 0.3; NaF, 0.1; CoClo • 6HoO, 0.01. “ 

t Two grams of the corn oil preparation con- 
tained vitamin A, about 4500 units; vitamin D 
about oGO units; and mixcnl tocophcrols. about 
2.7 mg. 
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The liver, spleen and adrenals showed signifi- 
cant decreases in reduced ascorbic acid con- 
tent. The dehydroascorbic acid content of 


the muscle was increased slightly and both 
dehydroascorbic and reduced ascorbic acid of 
the plasma were increased two-fold. 
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Effect of Environmental Temperature Upon Clotting Time of Whole Blood. 
^luRRAy Weiner and Shepard Shapiro 

From the Goldwaier Memorial Mospiial, Welfare Island, Xexc Tori' Citp, ami the Department 
of Medicine, Xew Tori University Colley c of Medicine, Xew Tori: City. 


The /?7 vitro clotting time of normal whole 
blood, as reported by various workers, has a 
wide range of activity, varying from one min- 
ute to over 15 minutes.^ There are several 
factors responsible for the wide variations. 
One important consideration is the method 
of obtaining blood samples. When linger 
puncture methods are used, there is a variable 
degree of contamination with thromboplastic 
tissue substances. With venous blood, the 
tissue substances are important only when 
venipuncture is not smooth. Another major 
variable is the degree of trauma and surface 
contact to which the blood is subjected dur- 
ing the determination. A^Tien the venipunc- 
ture is clean, and the apparatus and manipu- 
lations are standardized so that traumatic 
factors are kept constant, the only remain- 
ing significant extrinsic variable is the tem- 
perature. It is the purpose of this paper to 
indicate the magnitude of the effect of room 
temperature on the clotting time of whole 
blood. 

• In order to standardize the trauma factor 
and retain a precise endpK)int, a rotating 
tube method for dotting time has been de- 
veloped.^ By this method 0.5 ml of venous 
blood is promptly placed in the bulbous end 
of a tube rotated around its long axis at a 
slow constant rate (one r.p.m.) by an elec- 
tric motor. When the blood clots, the fibrous 

1 Weiner, M., and Slmpiro, S., Lah. and CUn. 
Medy 1037 . 


strands adhere to the ascending wall of the 
tube and are thus readily detected. The 
advantages of this method are that the degree 
of trauma and surface contact is constant 
and mechanically determined, and the end- 
point is precise. 

In order to determine the influence of 
temperature on the clotting time b\" this 
method, three identical sets of apparatus were 
set up at three different temperatures. One- 
half ml aliquots of the same samples of blood 
were delivered into bulbous tubes and the 
clotting time (fibrin appearance time) de- 
termined at the 3 different temperatures. The 

T/cti- /V 
MtrtuTes 
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Plate 3. Normal Marrow. X410. Note the presence of numerous inicleatecl red blood 
cells, polymorphonuclear leueocytesj and megakaryocytes. The absence of fat is normal in the 
mouse. 

Plate 4. Deficient Marrow. X410. Large immature cells with nucleoli and mitoses pre- 
dominate. Almost no polymori)honucloar leucocytes or nucleated red cells are seen and mega- 
karyocytes have disappeared. 


Five-tenths percent of a crude antagonist 
of PGA (Lederle N-67A)^' was added to the 
diet. In a preliminary experiment succinyl- 
sulfathiazole+ also was added but it was found 
that the majority of animals died before the 
desired evidences of deficiency had developed. 
Therefore the sulfonamide was withheld for 
the first month and then added at a level of 
1.0% in the diet. With this modification 
only a very small percentage of the animals 
died in the preliminary stages of the experi- 
ment, On this regimen, deficiency was es- 
tablished in all animals within 50 to 60 days. 
A number then were killed for histologic 
studies. The remainder of the group was 
divided into 3 sub-groups and given varying 
amounts of PGA in the form of solutions of 
‘Folvite’ (Lederle). Daily subcutaneous in- 
jections of 20, 2, and 0.2 fig were used. Care 
was' taken to protect the solutions from ex- 
posure to sources of ultra-violet radiation. 
At weekly intervals the animals were weighed 
and white blood cell counts were done. 
Normally leucocyte counts of mice are not 
less than 6000 per cmih. When levels below 
4000 were reached, it was considered that 
PGA deficiency was established. Red blood 
cell counts were then done: and, during the 
period of treatment with PGA, daily reticulo- 
cyte counts also were performed. 

Hematologic Findings. After 30 to 40 
days of the above regimen the white blood 
cell counts begin to fall to low normal levels. 
By 50 days many counts are below the mini- 
mal normal level of 6000, and by 60 days 

1 FraukUn, A. L., Stokstad, E. L. P., Belt, M., 
and Jukes, T. II., J. hxol. Chciiu, 1047, ICO, 427. 

t Generously supplied by the Lederle Labora- 
tories Division of the Ameriean Cyanamid Co. 

t Kindly furnished by the Medical Posearch 
Division of Sliarp and Dohinc, Ine. 


practically all the counts are below 4000 with 
some as low as 1000. Both lymphoc^’^tes and 
granulocytes participate in this leucopenia. 
There is no consistent change in the differen- 
tial count; the normal lymphocj^te-to-granu- 
locyte ratio is preserved. Red blood cell 
counts done at the time when the leucoc 3 ^tes 
had fallen to levels of less than 6000 per cc 
showed that a moderate to marked anemia had 
developed. From a normal count of about 
10 million erythrocytes per cc the count 
was usually reduced to 4 to 6 million with 
some counts as low as 2 million per cc. 

The entire blood picture may be restored 
rapidly to normal by the parenteral adminis- 
tration of PGA while the animals are still on 
the dietary regimen with the added antagonist 
and succinylsulfathiazole. A maximal re- 
sponse was obtained by giving daily subcu- 
taneous injections of 20 fig of a solution of 
‘Folvite^ (Lederle). There is a reticulocyte 
rise in 2 days which usually reaches a maxi- 
mum of about 30% in 7 da^'s. The erythro- 
C 3 ^te counts become normal within 15 to 20 
days. Also there is a very rapid regeneration 
of leucocytes, normal counts being obtained 
within 3 to 5 days. More remarkable is the 
fact that abnormal^ high white counts may 
occur. In one animal the initial leucocyte 
count of 2000 per cc rose to 57,000 per cc 
3 days after PGA was started, and to 85,000 
per cc 3 days later; after another 3 days it 
was below the normal maximum of 25,000 
per cc. 

During the first month prior to the adminis- 
tration of succinylsulfathiazole there is a 
moderate gain in weight. On the addition of 
this drug to the purified diet the mice soon 
cease to gain in weight and many animals 
show losses of a few grams. When PGA is 
given, weight gain is resumed at a rapid rate. 
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ing peripheral paDhematopenia; detailed 
studies of the marrow were not included in 
the report. Heinie, Welch, George, Epstein, 
and Pritchard,® using swine, found megalo- 
blastic hyperplasia of the marrow. Franhlin, 
Stokstad, Belt, and Jukes, ^ using rats, ob- 
served an increase of nucleated red blood 
cells in. the marrow, an increased number of 
blast cells, and a marked reduction of the 
polymorphonuclear leucocytes. They stated 
that the maturation of cells of the erythroid 
series and the production of mature granulo- 
cytes were seriously impaired. They did not 
stress hyperplasia wnth maturation arrest. 
Cartwright, Fay, Tatting, and Wintrobe," 
using swine, found a reduction of polymor- 
phonuclear leucocytes and metamyelocytes, a 
slight increase in earlier forms of the myeloid 
series, and a significant decrease in the leuco- 
cyte-erythrocyte ratio. They observed im- 
mature and nucleated red cells which they 
considered to be similar in many ways to 
those seen in the marrow of patients with 
pernicious anemia in relapse. 

The exact role of PGA in the formation 
and maturation of blood cells has not been 
elucidated. Certainly it participates in an 
important way. If it were an essential growth 
factor necessary for the formation of the most 

CHeinlc, 'R. W., Welch, A. B., George, W. B., 
Epstein, and Pritchard, J. A., Proc. Central 
Soc, Clin. Pcscarchj 1947, 20, 7. 

Cartwright, G. E., Fay, J., Tatting, B., and 
lYintrohe, M. W., J. Lah, and Clin, lied., 1948, 33, 
397. 


primitive blood cells we would expect pancy- 
topenia of bone marrow, rather than matura- 
tion arrest and hyperplasia of immature ele- 
ments. It may be inferred, then, that PGA 
does not participate in the production of the 
most primitive blood elements, but rather that 
it must be present to allow maturation beyond 
the most primitive stages. In pernicious 
anemia in relapse, and in some cases of 
agranulocytosis, a similar although an ap- 
parently selective maturation arrest with hy- 
perplasia of immature elements is seen. The 
production of primitive elements is not abol- 
ished and may even be in excess. It has been 
postulated that in red cell formation the role 
of the anti-pernicious anemia factor of liver 
is to act in conjunction with PGA or its 
conjugates to bring about the maturation of 
red blood cells beyond the megaloblastic stage. 
This would fit into our hypothesis that PGA 
may not be necessary for the formation of 
the most primitive blood elements, but that 
it is concerned with reactions essential to 
maturation such as loss of nuclear material. 

Staninary. 1. A deficiency of pteroylglu- 
tamic acid in mice produces a reduction of 
all cellular elements of the circulating blood. 

2. In the deficient state, the bone marrow 
of mice shows maturation arrest with hyper- 
plasia of immature elements and marked re- 
duction of more adult forms. 

3. It is suggested that pteroylglutamic acid 
may not be necessary for the formation of the 
most immature blood elements, but must be 
present to allo\Y maturation after these primi- 
tive elements are formed. 
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Also the ruffled fur characteristic of the de- 
ficient state disappears. 

Histologic Findings, See Plates 1-4. The 
spleen of normal mice is an active hemato- 
poietic organ. Many megakaryocytes are pres- 
ent and numerous foci of nucleated red blood 
cells are scattered diffusely through the pulp. 
There are a few polymorphonuclear leucocytes 
and occasionally immature cells. Mitoses are 
rarely seen. In PGA deficiency the hema- 
topoietic activity of the spleen practically 
ceases. Megakaryocytes and nucleated red 
cells may entirely disappear. Polymorphonu- 
clear leucocytes are decreased in number. 
The pulp becomes sparsely cellular and shows 
large amounts of hemosiderin, both in the 
free form and phagocytized by macrophages. 
As in pernicious anemia^ the hemosiderin 
probably represents iron released b}^ the nor- 
mal breakdo^^^l of erythrocytes. In PGA de- 
ficiency it is not utilized because of the de- 
creased formation of erythrocytes. The splen- 
ic follicles did not show any consistent change 
from the normal. Treatment with PGA re- 
stores the histology of the spleen to normal, 
although some of the hemosiderin may persist. 
In a few animals, in the deficient state, 
there was a moderate increase in the number 
of immature cells in the splenic pulp in ad- 
dition to the findings described above. This 
was never as prominent in the spleen as in 
the bone marrow. 

The marrow of normal mice contains prac- 
tically no fat. The cellular elements con- 
sist of nucleated red blood cells, megakaryo- 
cytes, polymorphonuclear leucocytes, a few 
immature cells, a few lymphocytes, and rare 
mitoses. In PGA deficiency a very marked 
change occurs. The marrow becomes solidly 
packed with large immature cells containing 
nucleoli and showing numerous mitoses. Only 
a few identifiable nucleated red cells remain. 
Polymorphonuclear leucocytes and megakarj^- 
ocytes may disappear entirely. The picture 
is one of maturation arrest with overproduc- 
tion of immature cells. Positive identifica- 
tion of these immature cells has not been 
made. They have not been ideritified as either 
myeloblasts or megaloblasts: it seems likely 


they fall into the category of primitive blastic 
cells. After treatment with PGA the marrow 
cannot be distinguished from that found in 
normal mice. 

In a few of the animals small areas of 
necrosis were present in the liver. Both in 
this experiment and in preliminary experi- 
ments these areas of necrosis had been found 
in animals which had died before the develop- 
ment of the PGA deficiency as evidenced by 
leucopenia and anemia. 

Discussion, There is general agreement 
that PGA deficiency produces a reduction of 
all circulating elements in the blood streams 
of various animals and that this reduction may 
be corrected b}'- the administration of PGA. 
The appearance of immature elements in the 
peripheral blood has not been described. Re- 
ports on the histologic findings have been 
variable. Bethell, Swenseid, and Rosenman- 
using rats found that the nucleated cell count 
of the marrow fell slightl}" below normal. 
The majority of the marrow cells were undif- 
ferentiated primitive forms, with relative in- 
crease in myeloblasts and early er 3 ^throbIasts. 
Myelocytes, late er\^throblasts and mega- 
kar^'oeytes practicalh'” disappeared. The situ- 
ation could be corrected by extracts of liver 
or yeast containing folic acid. Gross, Axel- 
rod and Bosse^ using rats, stated that the 
marrow findings varied from almost complete 
aplasia to intense hyperplasia and concluded 
that the pathologic changes included progres- 
sive hj^poplasia of the bone marrow. Endicott, 
Daft and Ott/ using rats, described a de- 
crease of all elements of the marrow, lym- 
phoid exhaustion of the spleen, and absence 
of splenic hematopoiesis. They obser\Td a 
panej^topenia of the marrow without matura- 
tion arrest or hyperplasia of immature ele- 
ments. Doan/'’’ working with monke\^s, de- 
scribed h 3 ’poplasia of the marrow with result- 

2 Betlicll, F. II,, Swenspid. M. E*. •'ind Rosrii- 
mail, It. n., J. Ciut. Jnvrst,, 1944, 211, 920. 

3 Gross, P., Axelrod, A. E., and Bossp, I)., 
.rim. J, .l[€d. Sci., 1944, 208, C42. 

4 Endicott, K. M., Daft, F. and Ott, M., 
Arch, Path., 1945, 40, 354. 

5 Doan, C. A., Am, J, .IM. ScL 1945, 212. e.57. 



Lipotropic Action of Ethionine 


217 


The amount of thrombin formed during this 
period was measured by the addition of fibrin- 
ogen and by observing the time required for 
a clot to form (vertical axis, Fig. 1). This 
observed time is an inverse measure of the 
amount of thrombin formed in the first re- 
action. The rate of thrombin production is 
proportional to the concentration of the Ac- 
globulin in the reacting medium. Thus, it 
may be seen that there is a definite decrease 
in serum Ac-globulin activity from the time 
that the blood was drawn. Within 300 min- 
utes after blood was drawn less than one- third 
of the Ac-globulin activity remained. On 
standing at room temperature the loss of 
serum Ac-globulin activity was considerably 
more pronounced (not shown in Fig. 1). 

One would naturally like to offer an ex- 
planation for these observed variations, but 
sufficient information is not available at this 
time. It has been shown that relatively large 


amounts of thrombin (30 units per cc or 
more) partially destroy the Ac-globulin ac- 
tivity of oxalated bovine plasma.^ It is there- 
fore possible that the instability of serum Ac- 
globulin in certain species may be due to the 
action of thrombin. Since the amount of 
thrombin present during and immediately fol- 
lowing the clotting reaction is determined by 
the rate of thrombin formation and by the 
effective concentration of antithrombin, vari- 
ations of these factors from one species to 
another may account for the differences in the 
stability of Ac-globulin activity. The stability 
of serum Ac-globulin may also be an inherent 
characteristic of the substance for each spe- 
cies. 

The similarity in the stability of human 
serum Ac-globulin and that of Factor VI de- 
scribed by OwTen”* tends to confirm the sug- 
gestion that these tw^o substances are identical. 
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Kidney Degeneration of Rats. 


Virginia L. Hardwick* and Richard J. Winzler. 

From the Bepartmcni of Biochcmiairy and Nutrition j University of Southern California School 

of MedicinCj Los Angeles. 


It is now^ well established that a dietary 
deficiency of choline and methionine leads to 
an accumulation of fat in the liver, to the 
development of hemorrhagic degeneration of 
the kidney, and to a failure of young animals 
to grow' on diets containing homocystine but 
lacking in labile methyl groups. The lipo- 
tropic action and kidney protection have 
been ascribed to the action of intact choline 
or choline-like molecules or their precursors, 
whereas grow'th on a low- methionine diet 
containing homocystine is dependent upon the 

* The data are taken from a thesis presented hy 
Virginia L. Hardwick to the Graduate School of 
the University of Southern California in partial 
fulfillment of the requirements for the degree of 
Master of Science. 


availability of labile methyl groups. 

Diethyl me thylhydroxyethyl ammonium 
chloride (diethyl choline)^ and ethionin^ have 
been reported to be toxic to rats on low 
methionine diets. These compounds are ethyl 
homologs of choline and methionine respec- 
tively, and their toxicity raised interesting 
questions as to the mechanisms by which they 
may interfere either with fat metabolism or 
with transmethylation. The present experi- 
ments W'ere devised to investigate in the rat 
the influence of these two compounds on the 
three criteria of inadequate choline or methyl 
group intake-growth on a diet containing 

1 Moyer, A. V"., and du Vigneaud, Y., J. Biol. 
Chcm.j 1942, 143, 373. 

2 Dyer, n. M., ,1. Biol. Chem., 1938, 124, 519. 
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From Ihc Deparfmciit of Fhyslology, Wayne University College of :^Ie(Vchi€, Detroity :Uich, 


Serum Ac-globulin is a clotting factor found 
in the globulin fraction of blood serum^*- 
which accelerates the change of prothrombin 
to thrombin. This factor is present in plas- 
ma in a much less active form, plasma Ac-glo- 
buiin,^-" which serves as a precursor to serum 
Ac-globulin. The role of Ac-globulin in the 
total clotting reaction has been described 
as follows: The clotting reaction is initi- 
ated by thromboplastin, which, in the pres- 
ence of calcium ions, interacts with prothrom- 
bin to form thrombin. The thrombin in 
turn alters the plasma Ac-globulin so that 
it becomes serum Ac-globulin. The latter 
then intensifies the reaction between throm- 
boplastin and prothrombin. Clotting is then 
accomplished by the action of thrombin on 
fibrinogen. 

In the developmental work on Ac-globulin, 
oxalated bovine plasma tos used as a potent 
stable source of plasma Ac-globulin® and 
bovine serum^ a stable source of serum Ac- 
globulin. In working with the sera of other 
species involving man, dog, and guinea pig, 
we have found that while plasma Ac-globulin 
is relatively stable, serum Ac-globulin is in- 
activated and largel}"^ disappears within a 

* Aided by a from the United States 

public Health Service. 

iWare, A. G., and Seegers, ^V. H., Am. J. 
Fhysioh, 1948, 152, 567. 

iiWare, A. G., Hurpby, P. C., and Seegers, W. 
H., Science, 1947, lOG, 618. 

3 Fantl, P., and Nance, Xainre, 1946, 15S, 
70S. 

4 Owren, P. A., The coagulation of hlnod. In- 
vestigations oti a new clotting factor, Oslo, 1947. 

5 O wren, P. A,, Lancet, 1947, 1, 446. 

eWare, A. G., Guest, H. M., and Seegers, W. H., 

J, Biol Chem., 1947, ICO, 231. 

T Ware, A. G., Guest, 'SI, H., and Seegers, IV. II., 
Science, 1947, 100, 41. 

8 Murphy, R. C., Ware, A. G., and Seegers. W. 
H., -dvL J, Bhimol, 1947, 151, 33S. 



PROTHROMBIN ACTIVATION TIME IN MINUTES 
Prothrombin + Thromboplastin gTrum Ac-gfobST(S^^'°"'^"' 
Fig. 1. 

Change in Ac-globulin activity of human scrum 
stored at, 5°C. 

few hours after the blood is drawn. Rabbit 
serum Ac-globulin is similar to bovine serum 
Ac-globulin in that it remains stable for longer 
periods of time. 

In the study of the stability of serum Ac- 
globuHn, blood was drawn and immediately 
centrifuged at 3,000 rpm for 10 minutes, and 
the serum was removed and stored at 5°C. 
Samples were analy,zed for serum Ac-gJobulin 
by methods elsewhere described* after storage 
for periods of 15. 90, ISO and 300 minutes, 
as indicated in Fig. 1. In this procedure, 
human serum diluted 1.400 times was incu- 
bated for varying time intervals (as indicated 
on the horizontal axis. Fig. 1) with purified 
bovine prothrombin*’ and with optimal con- 
centrations of thromboplastin and calcium. 


Ware, A. G., anrl Sccgcr?, W. IT.. JUoL 
Chrm., 194S, 174, 565. 
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A most outstanding result apparent from 
Table II is the fact that the total liver choline 
(or its ethyl analogues) is very markedly re- 
duced in the aidmals on homoc^^stine plus die- 
thyl choline (Group III) and on ethionine 
(Group VI). 

Discussion. It is of special interest that 
ethionine should show a lipotropic action and 
a protection against kidney hemorrhage, since 
it has no methyl groups and does not have a ' 
structure which can reasonably be considered 
to substitute for choline in phospholipids. It 
does not seem likely that the lipotropic and 
antihemorrhagic action of ethionine can be 
explained on the basis of a transethylation to 
ethanolamine to form an ethyl analogue of 
choline, since such choline analogues were not 
found in the livers of the animals of Group 
YI. 

The possibility that diethyl choline exerts 
its lipotropic action by virtue of its structural 
relationship to choline and consequent in- 
corporation into phospholipid would seem to 
be supported by the obsei^^ation of McAr- 
thur,^ who showed the presence of adminis- 
tered triethyl choline in the liver phospho- 
lipids of rats. However, in our experiments 
we found very much lower than normal 
amounts of choline or its analogues in the 
livers of animals fed homocystine plus diethyl 
choline (Group III). 

It is therefore concluded that the action of 
ethionine and diethyl choline in preventing 
fatty livers and kidney hemorrhage of rats 
on a low choline and low methionine diet 
probably does not involve their incorporation 
in v>hole or in part into phospholipids. 

Sw} 277 iary. The toxic actions of ethionine 
on the growth of rats and the protective 
action of methionine reported by Dyer- has 
been confirmed. It has been shown that 
ethionine prevents the accumulation of liver 
fat and the hemorrhagic kidnei^ degeneration 
on low methionine, low choline diets. The 
diethyl analogue of choline also prevents the 
fatty livers and kidney lesions of rats on 
similar diets. The action of these compounds 
does not appear to involv’e their direct partici- 
pation in phospholipid formation. 

CMcArtlmr, C. S., Scic7icr,1^4G, 104, 222. 
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TABLE I. 

Constitution of the Basie Diet. 


Constituent 

% 

Aracliin 

18 

Cerelose 

G5.2 

Osbonie and Mendel salts 

4 

Grisco and Lard* 

10 

Vitamin mixture t 

2 

Supi^lement 

0.8 


^ The Grisco and lard was fortified 
6,000,000 U.S.B. units of vitamin A, 85,000 units 
of vitamin D, and 0.5 mg of alj)ha tocopherol per 
g of fat. 

I The vitamin mixture had the following com- 
position: cerelose, 95 gj riboflavin, 50 mg; thia- 
min hydrochloride,' 25 mg; pyridoxine. 25 mg; 
nicotinic .acid, 100 mg; calcium pantothenate, 50 
mg; and inositol, 5 mg. 


homocystine, deposition of liver fat, and 
hemorrhagic degeneration of the kidne>^. 

Methods, Diethyl choline was prepared 
by treating diethylaminoethanol in ether with 
one equivalent of methyl chloride at -50® C 
and allowing the condensation to proceed at 
room temperature at high pressure. Homo- 
cystine was prepared by the method of Pat- 
terson and du Vigneaud.'^ Ethionine w’as pre- 
pared from S-benzy]homocysteine according 
to the method of Dyer.- 

The basic diet used had the composition 
shown in Table I. Arach in w’as selected for 
the protein of the basic diet since it has been 
shown to contain limited amounts of methio- 
nine. It w’as prepared from peanut meal by the 
method of Johns and Jones^ and w^as found 
to contain 0.5% methionine. All diets were 
supplemented with 0.8% homocystine, ethio- 
nine, or methionine as indicated in the ex- 
perimental protocols. Choline or diethylcholine 
w’ere administered daily by mouth with a 0.25 
ml sj^'ringe and a rounded needle. The animals 
objected to the administration of the supple- 
ments, but with some practice this could be 
achieved without loss. Rats of the University 
of Southern California strain w’eighing be- 
tw^een 50 and 70 g w^erc employed throughout. 
The e-xperiments were continued for 12 da 5 's 
with the food consumption and weight changes 
being determined every second day. 


3 Patterson, IV. I., and du Vigneaufi, V., J. Bioh 
C/icm., 1935, lllj 393. 

-4 Johns, C. O., and Jones, D. B., J. Chem., 
1916, 528, 77. 


Liver lipids w'ere determined by extracting 
the dried samples with diethyl ether in con- 
tinuous extractors, the total lipids being de- 
termined gravimetrically. The choline in the 
liver lipids were determined by the Reinecke 
salt method of Engle^" after hydroh^sis with 
barium hydroxide. This method does not dis- 
tinguish betw’een choline and its monoethyl, 
diethyl or triethyl analogues. The kidneys 
w'ere decapsulated and fixed in Zenkers solu- 
tion, and sections embedded, sectioned and 
stained with iron hematoxylin. 

Restdts, The results of the experiments 
are given in Table I. The rats on the unsup- 
plemented horriocystine diet (I) show’ed the 
expected weight loss, high liver fat content, 
and extensive kidney hemorrhage. Supple- 
mentation of this diet with choline (II) or 
substitution of methionine for homoci’stine 
(V) resulted in grow’th, low’ered liver fat 
levels and minimal kidney patholog\^ as an- 
ticipated from many previous studies. Growth 
with the methionine diet w^as somewhat super- 
ior to that with homocystine plus choline, but 
w^as considerably inferior to that obtained 
with the stock diet (VIII). This is no doubt 
to be attributed to deficiencies in amino acids 
other than methionine in arachin. Supple- 
mentation of the homocystine diet with die- 
thyl choline did not permit grow^th, but a 
strong lipotropic action and a prevention of 
kidney hemorrhage w^re apparent. This is 
in accordance with previous obser\^ations.^ 
How^e\^er, the toxicity on growing rats re- 
ported for this compound^ W’as not apparent 
in the present studies. The animals receiving 
both choline and dieth 3 i choline (Group IV) 
did not differ significant^ from Uiose re- 
ceiving choline alone. 

The animals receiving ethionine (VI) lost 
w'eight more rapidly than did those receiving 
homoc\'stine. This toxic effect of ethionine 
w’as partially prevented by addition of methi- 
onine. The toxic effect of ethionine on rats 
and the protection by methionine has already 
been reported b\" D\'er." It is of utmost 
interest, how*ever, that the accumulation of 
liver fat and the development of kidney hem- 
orrhage did not develop on the ethionine diet. 

5 Engel, R. AV., J, Biol. Chnn., 1042, l i t, 701. 
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TABLE I. 


Toxicity of Various Sodium Chloride Solutions Administered Intravenously at Different Bates> • 


Rate of admimstration ec/miimte 
4,0-3.5 2.P-2.0 

2.4-2.0 

1.94.5 

1.4-1.0 

0.9^0.5 

0.5‘0.2 

% NaCl 

f — 1 

ec/20g B* 

cVsOg D*' 

cc/20g B* 

ec/20 g D*-’ cc/20 g D» 

WsOg B* 

cc/20 g B* 

0 

4.73 4/4 

4.01 3/3 

5.x 1/1 

4.51 1/1 

4.21 1/1 

3.91 1/1 

4.01 2/2 

0.425 

5 3/10 

1 5 0/9 

5 0/6 

5 0/3 5 0/2 

5 0/1 


O.80 

5 4/0 

1 

0 2/8 [ 

5 0/3 

range 

5 0/4 6.41 0/3 

5,0 O/G 

o.O 0/1 

1.70 

2.55 

3.9 1 1/1 

2.2 f 1/1 

4.01 2/2 


4.2t 1/1 

1.81 1/1 2.61 1/1 

5.0 1/3 

2.91 3/3 

5.0 1/3 

5.1 2/2 


No. dead 

* T) 

No. dosed 

t Death before 5 cc injected. 
t Two of these animals received 7 ec per 20 g. 
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Tschesche and Wolf^ reported that rats fed 
goats’ milk develop an anemia •which re- 
sponds to xanthopterin. Simmons and Norris- 
and Simmons® observed that anemia in Chin- 
ook salmon responds to injections of xanthop- 
terin. Totter and Day* reported that in rats 
with the deficiency induced by feeding a puri- 
fied diet containing succinylsulfathiazole, ad- 
ministration of 20 fig of xanthopterin per day 
caused a leukocytosis and a marked ■n-eight 

Tills investigation was supported, in part, by a 
rcsoarcii grant from t!ie Division of Eesearcli 
Grants and Fcllowsliips of tlio National Institute 
of nealfii, U. S. Public llcaltii Service. 

t Present address: Army Jtedical Department 
Roseardi and Graduate Scliool, Army Medical 
Center, Washington, D.C. 

iTscheschc, R.. nnd Wolf, H. G., ZUch. /. 
phlfsiol Chem., 1037 , 248 , 34 , 

2 Simmons, R. W., and Norris, E. R., jJioh 
Chem.r 1043, 140, G70. 


Norris, E. R.^ and Simmons, R. W. J Biol 
Chan.. 1945, 449. . • « 

-lolJ"!*"' Chem. 
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gain, but in subsequent experiments they 
failed to confirm this observation. Wright and 
Welch,"’ Daft and Sebrell,® and Axelrod, et 
ol.,' also failed to note any effect when xan- 
thopterin was fed to rats deficient in pteroyl- 
glutamic acid (PGA). Totter and co-work- 
ers®'® reported that favorable hematopoietic 
responses occur when xanthopterin is given to 
vitamin hl-defident monkeys. In this labora- 
tory, 2 macrocytically anemic swine have 
shown a submaximal hematopoietic response 
to large parenteral doses of xanthopterin (10 
mg dail}’),*® a phenomenon which is being 
investigated further. 


Wrigbt, L. D., Hiid Welcdi, A. D., Science, 1943, 
»S, 17,0. 

"Daft, F. R., and Sebreli, AV. H., Public Ucalth 
Kcp.. 1943, 58, 1542. 

7 Axelrod, A. E., Gross, P., Bosse, M. D., .and 
Livingic, K. L., J. Biol, Chem., 1943, 148, 721. 

s Totter, J. li., Sbukers, C. F., Kolson, J,, Mims, 
V., and Day, P. L.. Fed. Prnc„ 1943, 2, 72. 

0 Totter, J. R., Shukor.s, C. F., KoLon. J.’. Mims 
A and Day, P. L., .7. Biol. Chem., 1944, 152, 147. 
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Intravenous Saline Tolerance in Mice. 

Martin jM. I^^inbury* and Phoebe J. CRixxENDEN.t 
From the Merclc InstiUite for Therapcuiic Fesearcli, Fahwaij, X. J. 


In the course of investigating the compara- 
tive toxicit}'’ of certain sparingly soluble com- 
pounds in mice, it was necessary to inject as 
much as 5 cc per 20 g of.bod}^ weight of hy- 
potonic and isotonic solutions. In order to 
determine the effects of injecting such large 
volumes without the influence of any drug, 
the intravenous toxicit}^ of sodium chloride 
solutions at different osmotic concentrations 
was investigated. In addition the rate of in- 
jection was varied to determine the maximum 
speed permissible for safe administration. 

Male mice of the CF 1 strain, weighing 
from 19 to 30 g were used and all animals 
surviving the initial injection were observed 
one week for delayed deaths. The solutions 
were administered into one of the lateral veins 
of the tail at a given rate by means of a 
constant speed infusion pump. 

In the first experiment physiological saline 
(0.85% NaCl, 0.1 SN) was administered until 
death occurred. At the rate of 0.9 cc per 
minute, an average of 6.9 zb 0.71+ cc per 
20 g was found to be the fatal dose. Although 
increasing the rate of administration above 
1 cc per minute (1 to 2.5 cc per min.) ap- 
peared to decrease the fatal dose to 5.9 zb 
0.63+ per 20 g, the difference between the 2 
sets of data is not significant. After establish- 
ing the fatal dose for physiological saline, a 
second experiment was carried out in which 
various concentrations of sodium chloride 
were injected at different rates until the ani- 
mals received 5 cc per 20 g or less if death 
occurred. Accordingly the animals were di- 
vided into 5 groups receiving one of the fol- 
lowing solutions: distilled water, 0.425%, 

* Present address: G. V, Svurle S: Co., P.O. Ho.y 
5110, Chicago 80, 111. 

i Present address: Dept, of Physiology, Goucher 
College, To^y50n 4, Md. 

$ Standard error. 


0.85%, 1.70%, or 2.55% sodium chloride at 
rates ranging from 0.2 to 4.0 cc per minute. 
As is shown in Table I, half physiological 
saline (0.425%, 0.073N) is the least to.vic; 
5 cc per 20 g was tolerated by all animals at 
a maximum rate of 3.50 cc per minute. In- 
creasing the rate above this point results in 
death. As the salt concentration was in- 
creased, tolerance to 5 cc per 20 g was re- 
duced. With physiological saline, this volume 
was tolerated at a maximum rate of 2.5 cc 
per minute, but in the case of distilled water, 
1.70 or 2.55% sodium chloride, 5 cc per 20 
g could not be administered safeh', for some 
deaths occurred even at the slowest rates. It 
would hardly be practical to administer 5 cc 
per 20 g at rates below 0.2 cc per minute 
because of the time required for the injection. 

Both physiological and half physiological 
saline are well tolerated under the circum- 
stances of this experiment whereas the hyper- 
tonic solutions are not “safe” since deaths oc- 
curred even at the slowest rates of administra- 
tion. Although the half ph 3 ^siological saline ap- 
pears to be slightly less toxic than the physio- 
logical saline this difference is not statistically' 
significant. Therefore, when large volumes (5 
cc per 20 g body weight) are required in in- 
travenous toxicity’’ studies in mice, it would 
seem most logical to use solutions with an 
osmotic concentration between the range of 
0.073N to 0.1 5N. This is equivalent to 
0.425% to 0.85% NaCl, In our studies we 
adjusted the solutions of the sparingly' soluble 
compounds to 0.0 73N and injected up to 5 cc 
per 20 g at a rate of 1.5 cc per minute. 

Summary. Mice tolerated intravenous in- 
jections of 5 cc per 20 g body' weight of half 
phy'siological and phy'siological saline at maxi- 
mum rates of 3.5 and 2.5 cc per minute re- 
spectively'. The average lethal dose for 
phy'siological saline given at a rate of 0.9 cc 
per minute is 6.9 cc per 20 g. 
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pairment of growth, leukocyte and hemoglobin 
levels were determined. Twelve severely 
leukopenic rats were assigned to group II. In 
these rats the effects of xanthopterin and of 
PGA on leukopoiesis and growth were studied. 
Each of 6 rats was injected with 50 fig of PGA 
daily for 5 days. Into the remaining 6 rats, 
xanthopterin was injected daily for 5 da)’'s; 
the daily dosage was 100 fig in one rat, 200 
fig in 4 rats,, and 400 fig in the sixth rat. Leu- 
kocyte counts and weighings were made at 
3-day intervals. The positive effects of PGA 
and the lack of effect of xanthopterin are 
considered under Results. 

The remaining 21 rats, of the group given 
the purified diet plus 2% succinylsulfathia- 
zole, composed group III. In this group a 
study was made of the effects of xanthopterin 
and of PGA on hemoglobin s 3 rnthesis, as well 
as on growth and leukopoiesis. Under these 
conditions, severe anemia failed to develop 
during a period of 28 days. However, an ane- 
mia was induced by means of hemorrhage, us- 
ing a technic similar to that described by 
Kornberg et al}^ Blood, in an amount equiva- 
lent to approximate!}^ 2% of the weight of the 
rat, was removed at each bleeding. Sufficiently 
low hemoglobin levels were produced by 2 to 
4 bleedings of each rat, carried out at inter- 
vals of 2 days. Two rats died during the 
course of the bleeding, and 2 rats died 2 days 
following the last bleeding. Seventeen rats 
were available for e.xperiment, of which 4 
served as untreated controls. Each of 4 rats 
was given parenterally 50 fig of PGA daily for 
5 days. Nine rats \xere given xanthopterin 
parenterally; 5 of the 9 were given 100 fig 
each, daily for 5 days, while 4 were given 
twice this dose. Weighings, leukocyte counts 
and hemoglobin measurements were done at 
3-day intervals. Hemoglobin was determined 
as ox3'hemoglobin using a Klett-Sumerson 
photoelectric colorimeter. The findings are 
presented in Figure 1 and are discussed under 
Results. 

Results. Group I (Ifc suljathiazolc) . In 
rats given a purified diet containing succinyl 
sulfathiazole, anemia is rarely seen. How- 
ie Kornberg, A., Tabor, H., and Sebrell, W. H., 
Am. Physiol^ 1044, 142, G04. 



Changes in hemoglobin levels, lenhoeyte counts, 
and weight in rats fed a purified diet containing 
2% succinylsulfathiazole and bled 2 to 4 times. 
One group received pteroylglutamic acid, one 
group received xanthopterin, and a third group 
served as the untreated control The numbers at 
each point in the figure represent the number of 
surviving rats represented in the average. 

ever, the use of sulfathiazole in a purified diet 
induced, during a 7-week period, an anemia vx 
8 of 10 surviving rats. 

The data presented here indicate clearly 
that a markedly variable hemolytic anemia 
has occurred in rats fed sulfathiazole in a 
purified diet. Reticulocytoses of 10 to 2Sfo 
were noted in man}’^ of the anemic rats before 
therapy. Those rats in which anemia de- 
veloped earlier did not show leukopenia. 
Therefore, leukopoiesis and er}qhropoiesis, as 
judged by reticulocytosis, certainly was oc- 
curring. It is evident that the anemia w^as 
due to factors other than one related directly 
to the lack of an essential hematopoietic fac- 
tor or factors. The feces of many of the 
rats were observed to contain great amounts of 
bile pigments. One rat (No. 69), while re- 
ceiving a total dose of 300 fig of PGA paren- 
terally, showed a decrease in the number of 
circulating erythrocytes fnm 4.0 million to 
1.7 million per emm in 6 days, yet during 
this same period, the leukocyte count in- 
creased from 3,700 to 68,500 per emm; on 
the sixth day, a recticulocytosis in excess of 
80% was present. The marked anemia, with 
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- Cerecedo and his associates^^»^- found that 
xanthopterin, like PGA, whe^ added to highly 
purified diets fed to mice^or rats, causes a 
significant improvement in lactation perform- 
ance. Fraenkel and Blewett^^ have reported 
thaLlhe .growth of the; larvae of the insect, 
Ephcstia kiiehiieUay on an artificial diet which 
contains all the known factors of the vitamin 
B-complex in pure form, is’Tnarkedlr accel- 
erated by the addition of PGA, and that xan- 
thopterin, in concentrations about 1000-times 
greater, has a comparable effect. 

Recently Norris and Majnarich^^’^^ have 
studied the effects of xanthopterin in experi- 
ments conducted both in vitro and in vivo. 
Studies in vitro involved the use of cultures 
of bone marrow from rats and other animals. 
Xanthopterin in low concentrations was re- 
ported to cause an increase in the rate of red 
and white cell proliferation. In rats fed a 
purified diet containing sulfathiazole (1%), it 
was claimed that xanthopterin is hematopoiet- 
ically active. They reported that xanthop- 
terin in vitro and in vivo^ is more effective 
than PGA, since it appeared to act in smaller 
doses and more rapidly. They concluded that 
bone marrow cannot use PGA directly in 
hematopoiesis while xanthopterin can be so 
utilized. 

Findings with xanthopterin have been so 
variable, and the claims made by Norris and 
Majnarich are so remarkable, that in this 
study a further attempt has been made to 
determine whether xanthopterin can play a 
role in hematopoiesis and growth in rats. The 
data obtained do not support the conclusions 
drarni b}^ Norris and IMajnarich. 

Methods, Weanling female albino rats^ 
were kept singly in cages vdth wire mesh 

10 Pritchard, j7 A ~ Welch, A. H.. niid neinle, 

U. W., unpublislied data. 

iiMiroiic, L., and Cerecedo, L. 3?., Arch, TSio- 
chevuy 194S, i5, 324. ^ 

12 Sica, A. X, Allgeier, A. M., and Cerecedo, 

Jj, R., Arch, Biochem., 194S, 18, 119. 

i3FraenM, G., and Blevctt, N., Biochem, J., 
1947, 41, xviii. 

14 Norris, B. A., and Majnaricli, J. X, Am. X 
Bhyfixohj 194S, 1^^2, 175, . 

15 Norris, E. A., and Majnarich, X X, Am, J, 
JPhysiohf 1948, 152, 17S. 


floors. The basal diet had the following com- 
position (in g per 100 g): purified casein, 20; 
glucose (“Cerelose^O, 48.7; hydrogenated 
' vegetable oil (“Primex’*), 18; corn oil, con- 
taining vitamins A and I),J 2; salt mixture 
(U.S.P.X. No. 2), 2,8; accessor_v saltsfi 0,2; 
cellulose (“Cellu-flour”), 5; dioiine chloride, 
0.2; inositol, 0.1 ; thiamine hydrochloride and 
pjTidoxine hydrochloride, ea(i, 0.0005; ribo- 
flavin, 0.001; nicotinamide, 0.005; calcium 
pantothenate, 0.0055; ascorbic acid, 0.01; 2- 
methy]-l, 4-naphthoquinone, 0.001 ; biotin, 
0.00001. 

Gj’oup I, Sixteen of the weanling rats were 
placed on the above basal diet with 1 sul' 
fathiazole incorporated. At the end of 28 
days, 3 rats were dead and 3 rats showed 
anemia without leukopenia. During the fol- 
lowing 21 days, 5 more rats became anemic. 
In those rats that developed anemia during 
the latter period, leukopenia also was present. 
During this 21-da3’' period, 3 rats died before 
developing an anemia of a level suitable for 
experiment; at the end of this period an ery- 
throcyte level exceeding 5,000,000 per cm 
was found in 2 rats. Each of 3 rats (No. 78, 
No. 80 and No. 82) \vas given 100 pg of 
xanthopterin parenteralty per da}^ for 6 days; 
also one (No. 81) was given 200 pg per 
day, and another (No. 76) v-as given 400 pg 
per day, for 6 dail}^ injections. Each of 5 
rats (No. 69, No. 73, No. 80, No. 82, and No. 
84) was given SO pg of PGA daily for 6 
injections; 2 of these rats (No. SO and No. 
82) previous!}^ had been treated with xanthop- 
terin. The variable effects of .xanthopterin 
and PGA are considered in the section 
entitled Results, 

Groups 11 and 111, Fort}' rats were placed 
on the basal diet in which l^c succinylstd- 
jathiazolc was incorporated. At the end of 
28 days, when the rats showed marked im- 

+ Obtained from Blaine Biologic.al Garden?, 
Media, Pa. 

$ Tn'o grams of tbe corn oil i>rcpar.nfion con- 
tained vitamin A, about 4500 units and vitamin B, 
about 560 units, 

11 Acccssorv salts contained in 0.2 g (expressed 
in mg) : Kcf, 100; NaCI, S7.2; 10; .Xfn.SO^, 

1; ZnSO^-JToO, 1; Xal, 0.3; XaF, 0.1; CoCIo . 
CIIoO, 0.03. 
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per 100 ml at the start of the observation 
period. The average hemoglobin level closely 
paralleled that of the xanthopterin-treated 
anemic rats during the 12-day observation 
period. Only 1 rat was alive at the end of 12 
days. Weight and leukocyte changes also 
were similar to those noted in the xan- 
thopterin-treated rats. 

Disatsston, Norris and Majnaricy'' have 
not indicated the mechanism of production of 
the anemia they observed in rats fed a purified 
diet containing sulfathiazole. Sulfathiazole 
has been reported by Richardson^** to cause 
hemolytic anemia and the hemolytic anemia- 
producing properties of related sulfonamides 
have been studied by Latven and Welch 
That such a hemolytic process operated in the 
rats of Norris and Majnarich^^ is indicated 
by the production of an anemia nnthin 22 
days after the diet was started, and by the 
rapid fall in erythrocyte counts noted after 
the brief rise following therapy. Against a 
hemolytic process are the apparently very low 
reticulocyte levels which were reported by 
them; it would seem certain, however, that a 
measurable erythroc\1:ic response following 
therapy in any type of severe anemia would 
produce greater reticulocyte responses than 
the 0.8 and 1% maximum values that they 
obser\^ed. It is suggested that the reticulo- 

Richardson, A., J. Pharmacol, and Exp. 
Thcrap., 1941, 73, 99. 

18 Latven, A. R., and IVeich, A. D., J. Phar- 
macol. and Exp. Thcrap., 1944, 81, 301. 


cyte counts reported by Norris and Majnar- 
ich^^ are in error. 

The effects shown here of PGA and xan- 
thopterin in rats made anemic by feeding a 
puribed diet containing sulfathiazole do not 
confirm the observations of Norris and Ma- 
jnarich.^^ No positive Ieukoc}'tic responses 
were noted after therapy with xanthopterin, 
although marked responses occurred after the 
administration of PGA. Doses of xanthopterin 
larger than the doses they used failed to pro- 
duce the distinct increases in circulating ery- 
throcytes that they recorded. HigHly variable 
results also were obtained when PGA was 
given to those rats fed a purified diet con- 
taining sulfathiazole; however, those PGA- 
deficient rats made anemic by hemorrhage, 
and then given PGA, all showed nearly equal, 
marked erythropoietic responses. ; 

Stanmary. 1. A purified diet containing 
sulfathiazole produced a hemolytic anemia of 
variable intensity which could not be com- 
pletely reversed either by pteroylglutamic acid 
or by xanthopterin in any of the doses used. 

2. Rats fed a purified diet containing suc- 
cinylsulfathiazole developed leukopenia and 
an inhibition of growth which responded to 
PGA, but not to xanthopterin. 

3. In similar rats fed a purified diet con- 
taining sucdnylsulfathiazole, but made anemic 
by repeated hemorrhage, PGA induced 
definite erythropoietic, leukopoietic and 
growth responses, while xanthopterin was in- 
active. 
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Stripping Film Technics for Histological Autoradiographs. 


George A. Boyd and Agnes I. WxtUAMs: (Introduced by J. N. Stannard.) 

From ihc School of aiaUcinc and Deniisinj, Vepartment of Tiadiation Biolopp, Vniversiit/ of 

Itochcfitcfy Uochester^ X. T. 


There are now three general technics of 
autoradiography. The first method developed 
was that of placing the specimen in contact 
with a photographic plate, removing the speci- 
men, and developing the plate. London^ 


studied anatomical specimens in 1904 and 
Lacassagne and Lattesr histological specimens 

1 London, E. S., ^Irc D’clcc. Med., 1904, IS, 363, 

2 Lacassagne, M. -A., and Lattes, J. S., Compt. 
rend, .ticad. Sei., 1924, 178, 488. 
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a marked leukocytosis and reticulocytosis, was growth responses to different dose levels of 
maintained. The rat died on the twelfth day xanthopterin. “Spectacled” eyes and ruffled 

after the start of therap 3 ^ A similar fall in fur developed in rats during the period of ad- 

ery throc 3 ^te count was noted in a rat (No. 76) ministration of xanthopterin. The lack of ef- 

which received a total dose of 2400 ^g of feet of xanthopterin on growth and leuko- 
xanthopterin. The red blood cell level fell poiesis is similar to that previously ob- 

from 4.0 million to 2.9 million per emm; a ser\Td.*'‘" 


reticuloc 3 ^tosis of 20% was present on tlie 
sixth day. During this 6-day period, the leu- 
kocyte count increased from 4,900 to only 
6,700 per cmm. The rat died 15 days after 
treatment with xanthopterin was started. 

Four rats (No. 78, 80, 81 and 82) showed 
a slight increase in the number of circulating 
erythrocytes after treatment with xanthop- 
terin. During the 9 days following the start 
of' xanthopterin therapy, an average increase 
in erythrocytes of 1.4 million per cmm oc- 
curred; the largest increase was 1.8 million 
(No. 80). The leukocyte counts fell in all 4 
rats. No rat receiving xanthopterin showed 
a positive growth response. 

In the 5 rats given PGA, variable effects on 
growth and circulating erythrocyte levels were 
obtained. A marked leukocytosis occurred in 
all PGA-treated rats. The largest increase in 
er 3 ^throc 3 'te count was 3.3 million per cmm 
(No. 82). The small increase in erythrocyte 
counts tliat occurred in rats given xanthop- 
terin, did not occur earlier than in those 
given PGA. 

Group II (2% succinyhuljathiazole). The 
effect of xanthopterin and of PGA on growth 
and leukopoiesis were compared in leukopenic 
rats with arrested growth. Six rats given a 
daily dose of 50 /xg of PGA parenterally for 
5 days showed favorable leukocyte and growth 
responses during the 12 days of study. Six 
days after the start of therapy an average in- 
crease in white blood cells of 12,900 per 
cmm was noted. Six rats receiving 2 to 8 
times as much xanthopterin parenterally 
showed an average increase of 1,300 per cmm. 
At the end of 12 days those rats given PGA 
all were alive and an average gain in weight 
of 21 g was observed. The xanthopterin- 
treated l-ats showed an average loss in weight 
of 11 g during this same period. ^ One rat 
Viven xanthopterin died on tlie sixth day. 
Nb differences were observed in leukocyte and 


Group III (2% succinyhuljathiazoh plus 
/icj}iorr/iage). It was felt that the study of 
the comparative effects of xanthopterin and 
PGA on er\*thropoiesis could be conducted 
more satisfactorjl}^ in deficient rats made 
anemic by hemorrhage than in rats with an 
anemia due to an active hemolytic process. 

Definite hematopoietic and growth re- 
sponses followed therap\^ with PGA. Little 
difference between the responses occurring in 
the xanthopterin-treated anemic group and in 
the untreated anemic control group was noted. 

In the 4 rats given PGA, the average hemo- 
globin concentration at the start of therapy, 
was 6.6 g per 100 ml of blood. During the 
12 da 3 ’'s after the start of therap\’, an increase 
of 7.1 g to an average concentration of 13.7 
g per 100 ml occurred. This w’as accompanied 
by an average grow^th response of 26 g. An 
average increase in leukocytes of 8,300 per 
cmm w’as noted on the third da\’. All tlie 
PGA-treated rats w^ere alive at the end of 
the experiment. 

Nine anemic rats were given xanthopterin 
in doses 2 to 4 times larger than the dose of. 
PG.A. used. The average hemoglobin concen- 
tration at tlie start of therapy was 6.3 g per 
100 ml of blood. The hemoglobin concentra- 
tion at the end of 12 da 3 '^s in the 5 surviving 
rats was 8.1 g. No favorable leukopoietic 
response was noted. Loss of weight continued 
in spite of .xanthopterin therap.v. The 5 sur- 
viving rats lost an average of 12 g during 
the 12 days following the start of therapy. 
“Spectacled” eyes and ruffled fur developed 
in spite of the administration of the pterin. 
Three of the 5 surviving rats died during the 
3 da 3 's following the last blood determinations. 
No significant didcvence was noted between 
those rats given 200 /tg and those rats given 
100 fig of xanthopterin per day. 

Four anemic rats were not treated. Their 
average hemoglobin concentration w’as S,2 g 
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The base, i.e., the 10 ii cellulose ester film, is 
recruited to hold the low rigidity emulsion. 
This is especially true of the heavily loaded 
NTB emulsion vdth its low gelatin content. 
The rigidity of the emulsion has been further 
reduced in comparison to the ordinary emul- 
sion by having been reduced in thickness to 
increase resolution of the betagraphs. Most 
of the satisfactory emulsions ^Yhich we have 
used have been appraxiraately ten micra al- 
though other thicknesses. can be obtained. 

The background grain problem. While the 
NTB emulsion on plaites has an extremely 
low fog background, the same emulsion when 
stripped from the support may contain con- 
siderable fog, depending upon the stripping 
conditions. This appears as long streaks of 
single grain width, streaks of multiple grain 
width, and splotches. The streaks of single 
grain and multiple grain width are always on 
the surface and can be differentiated from nu- 
clear tracks which dive at various angles into 
the emulsion. Some nuclear tracks do occur 
occasionally on the surface, but their length 
and grain density, as determined by those that 
do dive into the emulsion, differentiate them 
from the surface streaks. 

However, the splotches cannot be differen- 
tiated from a random distribution of grains 
produced by beta particles. Therefore, if 
one 'swshed to use stripping film for beta-^ 
graphs, every precaution must be taken to 
prevent fog development. While we do not 
yet know how to eliminate all background 
grains, the following hints will aid in reducing 
them. 

The usual precautions must be taken 
against light leakage and the presence of fog- 
ging chemicals in both the darkroom and dark 
storage boxes. For example, it is imperative 
that dark boxes, even though made of V wood, 
be painted inside and out with black paint. 
Unpainted wood will transmit sufficient light 
to fog these emulsions. Obviously, one should 
not touch the emulsion vn\h the hands. Abra- 
sion fogging can be prevented by lifting the 
film out of the box instead of pulling it out 
edgewise and by preventing contact of any 
non-yielding object with the emulsion. It 
should be emphasized that the technics of 
ordinary amateur or scientific photography 


tvill not suffice for precise beta autoradiog- 
raphy. A few fog grains which would not 
greatly influence interpretation of a spectro- 
graphic plate or a photomicrograph of a his- 
tological section can lead to error in the inter- 
pretation of a betagraph under high magnifica- 
tion. In the latter there must either be no 
background fog or a known and constant 
quantity if one wishes even a semiquantitative 
estimate of the beta emitter in a histological 
section. 

Stripping, The stripping of the base from 
the support is one of the greatest sources of 
fog. In the breaking of the bond between 
the base and the support, static charges are 
produced. If ihe film is stripped rapidly, 
these charges produce a light visible to the 
dark-adapted e 3 ^e. This, though small in 
amount, will fog the emulsion as can be de- 
termined by examination under the micro- 
scope vnth a 1.8 mm objective. If the film 
is stripped slowly so that no light is observed, 
the fog is reduced but not eliminated. Even 
with this precaution, however, the static 
charges are retained by the film. Apparentty 
the charges either produce latent images 
directly or indirectly by unperceived photons. 
The charges can be reduced b}'' stripping in a 
humid atmosphere. 

The technic used in our laboratory is as 
follows: A section of the film of the re- 
quired size is protected in some suitable man- 
ner with a light opaque shield in addition to 
the usual darkroom precautions. It can be 
wrapped in black paper if care is taken to 
prevent the stiff paper from scratching the 
emulsion. Another method is to use a dark 
box with a slot in one side, the slot being cov- 
ered with velvet. In either case about 1 cm 
is exposed. With the exposed end on the 
table top, emulsion side doijvm, cut deeply but 
not completely through the support. (The po- 
sition of the emulsion to be used for the auto- 
graph %Yill be some distance removed from 
this point and protected from radiation by 
the shield.) Break only the support at the cut, 
i,€,, do not break the support and the 
base. On the break, photons are generated 
but the shield protects the emulsion. After 
the break the shield is removed and the base 
is stripped slowly while blowing the humid 
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Scli6iii3,tic illnstratiou of Eastman ITTB stripping film used for autoradiograplis. 


in 1924 in this manner. In recent j^ears 
Belanger and Leblond^ developed the pro- 
cedure of painting the tissue section with a 
photographic emulsion. Endicott'^ and Evans'" 
independent!}^ worked out a third technic 
of permanently Ia}dng a tissue section on the 
emulsion of a plate or film. Each of these 
methods has its advantages and disadvan- 
tages, some of which have been discussed else- 
where.® 

The use of stripping film has certain ad- 
vantages. With the tissue mounted on the 
emulsion of the film stretched over a frame, 
back scattering is eliminated, and thus, in 
theory, resolution is increased. We have not 
as yet proved that this is of practical value. 
Another advantage is the ability to make 
autoradiographs of blood and bone marrow 
smears on microscope slides by the simple pro- 
cedure of laying the film on the smear. With 
the histological specimen mounted on the 
photographically insensitive and water im- 
pervious base, it is separated by 10 from 
the autograph. This enables one to prevent 
harm to the tissue while developing and fix- 
ing and to eliminate staining of the emulsion. 
This separation of tissue and emulsion also 
enables one to identify histological bodies 
coincident witli an alpha sunburst. Also, the 
separation opens the way to a semi-quantita- 

3 Belanger, L. F., and Leblond, C. P., J^ndoc- 
nndlogy,, 1946, S9, 8. 

4Endicott, K. H., and Yagoda, H,, Pnoc. Soc. 
Exp. Bioii. and Med., 1947, 04, 170. 

3 Evans, T. C., Proc. Soc. Exp. Biol, akd Med., 
.1947, 04, 313. 

- c Evans, T. C., NvcUonics, 1948, 2, 62. 


tive estimation of beta emitters by counting 
the grains which can be seen beneath the 
darkly stained nuclei because of the difference 
in the focal plane. And since the tissue is 
not in contact with the emulsion chemical 
fogging is eliminated, an application which 
will probably prove to be most valuable. 

Beginning in the early fall of 1947, we have 
developed methods of using stripping film 
to achieve these advantages. During this 
work there appeared the paper of Pelc” on 
the use of stripping film.* 

Description oj the film. The strip- 
ping film was made in experimental quanti- 
ties for this work by the research laboratory 
of the Eastman Kodak Company, Nuclear 
Track Emulsion B (NTB) was used as this 
had been found to be the most sensitive to 
beta particles for its grain size. It can also 
be used for alphagraphs. The sensitivity and 
fogging qualities of the emulsion on plates will 
be discussed in anotlier paper. The stripping 
film comprises a thick cellulose ester support 
to one side of which has been bonded a thin 
film (approximately 10 /t) of another cellulose 
ester which serves as the base for the emulsion. 

A diagrammatic sketch is shown in Fig. 1. 
The thicker cellulose ester serv'es merely as 
a rigid support for the manufacture and 
transport of the base-emulsion combination, 
the latter being the film which is stripped. 

* TVIiilo this paper was in the process of de- 
classification there appeared another paper on 
stripping film: ^'Badioanfograph Technic ■vvifli 
A, M. ^facDonaJd, Jock Cobb, and A. IC. 
Solomon, SciciicCf I94S, 407, 630. 

TPclc, S. R., 'Katurc, I9t7, 100, 749. 
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Fig. 3. 

a. (left) Tissue level, b. (riglit) Grain level. 

Pbotomicrograpbs of a thyroid tissue- autograph. A 7 section containing Ii3l from a rat 
sacrificed 24 hours after injection of 500 /ic, exposed 17 hours on XTB stripping film. 


fails to bond, the glass can be painted with 
egg albumin or Kodak Stripping Film Cement, 
The exxess film can now be cut away from 
the tissue and autograph area if desired. The 
entire unstained tissue and film can be mount- 
ed in Clarite, Permount, etc., and examined 
with the dark phase microscope. 

However, since the developing and fixing 
solution slightly changes the refractive index 
differential of the histological bodies, i.c., 
clears the tissue optically, the phase examina- 
tion does not always give the best results. 
In this case the tissue and emulsion after 
having been placed on the slide can be stained 
in the usual manner. Some stain is taken up 
by the gelatin of the emulsion, but the gela- 
tin content in ten micra of heavily loaded 
emulsion is low and the consequent uptake of 
heniatoxjdin and eosin is low in comparison 
with 7 /I of tissue. The background stain is 
insignificant and color contrast good at high 
magnification. 

Fig. 3 shows a thyroid autograph taken 
with stripping film. The tissue was placed 
on the emulsion and later stained with hema- 
toxylin and eosin. Fig. 3-a shows the tissue 
focal plane, originally photographed with a 
l.S mm objective and a lOx occular. The 


grain focal plane is shown in photograph 3-b. 
These illustrate a difficulty which, while it is 
not impossible to overcome, requires careful 
handling of the film. It will be seen that the 
entire field of each is not in good focus. This 
is due to uneven laying of the film on the 
glass slide. 

preparation of the aidograph with the tis- 
sue on the cellulose ester base. If it is desired 
to eliminate ail staining of the emulsion, the 
tissue can be placed on the cellulose ester 
base. In this procedure the base is painted 
with egg albumin to seal the tissue and pre- 
vent it from coming off in the developing, 
fixing, or staining solutions. However, as one 
or 2 days, is required for complete drying of 
the albumin, we have found it expedient in 
exposures under 2 days to develop and fix by 
placing the solutions in the well of the 
Lucite frame, removing them by tipping to 
one side and draining. This prevents the 
washing off of the tisue. The preparation is 
dried well before placing in the staining solu- 
tions. 

Since in this method the paraffin is not re- 
moved before development, the tissue is pro- 
tected and clearing is prevented. After de- 
velopment the tissue-emulsion area is cut out 
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breath onto the point of bondage to discharge 
the static electricity. As the base-emulsion 
combination is stripped it should make as 
small an angle with the support as possible 
to avoid mechanical fogging, due to creasing 
of the emulsion. 

Preparation of autograph with. the tissue on 
the emiilsio)}. Autographs can of course be 
made by placing the tissue either on the emul- 
.sion or on the cellulose ester base. In the 
latter case, some resolution is lost because of 
the spatial separation of the tissue from the 
emulsion. For the highest resolution, the 
tissue is placed on the emulsion, thus decreas- 
ing to a minimum the distance between the 
origin of the ionizing particles and the 
emulsion; and at the same time the stripping 
film on a frame eliminates backscattering. 

A 2" X 6" section of the stripped film is 
floated on water, the emulsion side down. It 
is then transferred to a Lucite frame 2" x 6" 

X ys" by placing the frame in the water 
beneath the film. In the center of the frame 
is a rectangular opening 1'' x 3" which is 
covered with the film, exposing the emulsion 
inside the well and the cellulose base on 
the other side. The tissue is placed in this 
area on either side. 

The tissue section has been prepared be- 
fore entering the darkroom as follows: One 
or more sections from a ribbon of paraffin- 
imbedded tissue is floated on water in a petri 
dish on a hot plate.^ The water is warmed 
until the wrinkles have disappeared. This is 
now picked up by inserting a section lift 
under the edge of the paraffin and lifting it 
from tlie water while the remaining portion 
of the section hangs from the edge. The 
angle at which the section lift is pulled out of 
the water as illustrated in Fig. 2 is necessar\'- 
to enable the tissue to hang freely. This 
manipulation is facilitated by drilling a large 
number of holes in the section lift to permit 
the water to drain from under the section. If 
the water drains over the edge of the lift, 
the current will carry the tissue section back 
into the petri dish. 

The free end of the tissue section is placed 
on the wet emulsion immediately after the 
film is placed on the Lucite frame. With a 
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PjG- 2 . 

Removing a tissue section from water with a 
section lift, the perforated spoon held vertically 
to prevent the tissue from curling around the edge. 
The bottom of the tissue is touched to the photo- 
graphic emulsion with the lift in the same vertical 
position after which the spoon is backed a'wav 
horizontally from the tissue, permitting it to lie 
on the surface. 

horizontal motion the tissue is freed from the 
section lift and laid flat on the film. Any 
e.xcess water is permitted to drain off or is 
picked up by a small hand syringe. The prep- 
aration is placed in a lead lined dark box In 
the refrigerator for e.xposure. 

As the film dries it becomes taut and 
smooth over the 1" and 3" well and the gelatin 
of the emulsion bonds the film to the Lucite 
frame. Occasionally after long exposure the 
film becomes loose at the end of the frame 
and curls. Paper clamps can be used to 
prevent this, but they should not be put in 
place until after the film has dried. If placed 
on earlier, the contraction of the gelatin in 
diying may break the film. 

The paraffin is removed in the usual manner 
before development^ which is accomplished by 
passing the frame, film, and tissue as a single 
unit through the solutions. After develop- 
ment in D-19 at 20'’C for 2 minutes, fi.xing 
in 30% h3po and washing for about JO 
minutes each, the 1" x 3" film is cut out and 
placed on a microscope slide, the emulsion 
side up. When thoroughb' dr}' the cellulose 
ester base usually adheres to the glass. If ft 
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Fig. 5. 

a (top left); b (top right); c (lower left) ; d (lower right). 

Illustration of stripping film technic in identifying a histological body of rat liver con- 
taining an alpha cinittcr. In a and b the tissue section is on the emulsion of an XTA plate; 
a, track level; b, tissue level. In c and d the tissue is on the cellulose ester base of XTB strip- 
ping film; c, end of tracks in emulsion showing center of burst under a von Kupffer cell indi- 
cated in d. 


an alpha emitter directly on an NTA (Nu- 
clear Track .•\) plate, the former being a 
photograph of tracks in the emulsion, fc., just 
below the tissue-emulsion interface, and the 
latter is of the tissue directly above the 
tracks. Because of the high concentration 
of silver grains in the center of the sunburst 
there is insufficient illumination from below 


to permit observation or photography of the 
histological body directly above. Since this 
body presumably contains the collection of 
the radioactive element it is of interest to 
identify it. 

When another section from the same liver 
specimen was placed on the cellulose ester 
support of a stripped film, photographs S-c 
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as described above and placed on a microscope 
slide, emulsion side down. The tissue is now 
deparaffinated in xylol and taken through the 
alcohol-water solutions to water and then the 
edges of the film sealed by dipping in molten 
paraffin. 'The tissue is then stained. The 
paraffin around the edges of the' film is re- 
moved and the tissue-film combination mount- 
ed as described previously. 

The emulsion which is protected by the 
aqueous-impervious paraffin and the- cellulose 
ester is not stained, thus giving a high color 
differential between the tissue and the gelatin. 
The phase microscope can also be used with- 
out staining. The tissue intensity differentials 
as seen by the phase microscope have not been 
reduced by partial clearing, since the tissue 
has been protected in the developing and fix- 
ing solutions by the paraffin. 

Stripping film for blood smears. The ideal 
blood smear for an autoradiograph has the 
cells separated by several micra so that the 
autograph of the beta emitters of one cell will 
not be confused with those of adjoining cells. 
It is difficult to make such a smear on an 
emulsion since the gelatin imbibes the water 
so quickly that the cells will not flow easily. 

A thin smear is made on a microscope slide 
in the usual manner^ stained for bright field 
illumination or left unstained for phase ex- 
amination. In either case it is fixed for 
about 3 minutes with absolute methyl al- 
cohol- After dr3dng thoroughly, it is flooded 
with water and a piece of the film, emulsion 
side up, is floated over the smear. The 



FIG. ^ 

Sunburst of nlphn tracks centered on a red cell 


water is then drawn out from under the fite 
^dth filter paper, permitting the film to settle 
uniform!}’' and without wTinkles over the 
smear. Since the fixing solution destroys the 
stain properties of the Ieukoc}ies, the pro- 
cedure of paraffin dipping the edges is used 
to protect the smear during the developing 
and fixing steps. After ^vashing and dr}ing 
the paraffin is cut away with a razor blade 
and the smear, covered with the film, is 
mounted under a glass slip. 

Fig. 4 show’s a concentration of a source of 
alpha particles coincident witli one erythro- 
cyte as evidenced by tlie center of an alpha 
track sunburst. This is a dark contrast 
phase photomicrograph of an unstained smear. 

It should not be inferred from the photo- 
micrograph that the alpha emitter is attached 
to the cell. It cannot yet be definitely stated 
whether the element concentrate is associated 
with the red cell in the blood stream or 
wfiether it has settled upon the cell in the 
smearing procedure. Some concentrations of 
alpha tracks have been found unassociated 
with cells. The exact nature of this phe- 
nomenon is being investigated and will be re- 
ported at another time. 

Two types of fog patterns interfering witli 
interpretation can be pointed out in this 
photomicrograph. In the low’er right-hand 
corner of the photograph is a fog streak. It is 
obviously different from the straight alpha 
tracks of one grain width. Neither can it be 
a beta track as it is too dense and straight. 
Nor does it fit the description of other nuclear 
particle tracks.® This ttpe of streak appears 
in the NTB stripping film and not in the 
NTB plate. We suggest that they originate in 
the stripping operation. In addition to the 
streaks the random fog grains should be noted. 
I\Tiile these do not detract from the inter- 
pretation of an alphagraph, they do detract 
from tliat of a betagraph. 

Stripping film to permit identification of 
histological bodies above sunbursts. Fig. 5-a 
and 5-b show alphagraphs w’hich have been 
made by placing a liv er section containing 

S Powell, C. F.f Occhialini, G. P* NifcJc.ir 
Physics in Photographs, Oxford at the anrciidon 
Press, 1947. 
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Comparison of the Preputial Glands in the Alexandrine, The Wild, and the 

Domestic Norway Rat.* 

Charles E. HALL.t (Introduced by C. P. Richter.) 

Fro7n the JPsnchohtoJoffical Laboratory , Johns Sophins Medical School, LaUinwrc, Mch 


During routine autopsies on wild Alexan- 
drine and wild Norway rats, it appeared that 
the preputial glands of these wild rats were 
much larger than those found in the common 
domestic Nor^vay rats. To check these im- 
pressions, the weights of the preputial glands 
were determined in the 3 forms for all sized 
rats from the smallest to the largest indi- 
viduals. 

Material and methods. For this study 
78 domestic Norway, 121 wild Norway, and 
90 Alexandrine rats were used. 

The domestic Nor ways were obtained 
chiefly from our colony. These are descen- 
dants of Wistar rats established here over 
20 years ago. The wild Norways were trap- 
ped in Baltimore streets and alleys and on 
surrounding farms by the Rodent Ecology 
Division of the Johns Hopkins School of Hy- 
giene: the Alexandrines came from ships in 
the Baltimore harbor, where they had been 
killed by fumigation.+ 

The domestic and wild Norways were killed 
with ether and autopsied immediately. The 
Alexandrines were not available for autopsy 
until 3 to 6 hours after they had been killed 
by fumigation. 

At autopsy the rats were weighed; the per- 
putial glands were removed and weighed on 
a torsion balance to the nearest 0.1 mg. In 
every case when sections were made, the 
glands were taken from recently killed animals 
and fixed in Bouin^s solution with a minimum 
of handling. 

* This Avork was begun under a grant from the 
Rockefeller International Health Board and com- 
pletcd under a grant from the Public Health 
Service. 

t Now at the tTinversity of Texas, Medical 
Branch, Galveston, Texas. 

X Dr. M. P. Haralson, until rccctitly in cliarge 
of the Quarantine Station of the Citj’ of Balti- 
more, kindly sup^Uied these rats. 


Results. Gross anatomy \ Fig. 1 shows a 
photograph of typical pairs of preputial glands 
taken from 3 female animals, a domestic Nor- 
way, a wild Norway, and a wild Alexandrine, 
all having about the same body weight. The 
glands from the wild Alexandrine are several 
times larger than those from the wild Norway 
and many times larger than, those from the 
domestic Norway. 

These glands are flattened, pear-shaped 
structures that lie between the skin and the 
lower abdominal musculature, one on either 
side of the penis or clitoris. Each gland term- 
inates in a duct that emerges on the surface 
of the skin in a papilla-like opening. In the 
male, when the penis is fully retracted and 
thus ensheathed in the prepuce, the openings 
in the prepuce are located at the very end of 
the penis, whereas when the penis is fully 
erected and thus freed from the prepuce, the 
openings are located on the two sides at the 
base of the penis. In the female, the ducts 
emerge at the homologous points with rela- 
tion to the clitoris. 

A slight pressure exerted on the glands 
causes droplets of secretion to appear on the 
surface of the skin. These droplets help to 
locate the openings. In non-albinos, the 
presence of pigmentation in the walls of the 
ducts further helps to locate the openings. 

Microscopic anatomy \ A dense connective 
tissue capsule encloses the glandular paren- 
chyma, which is composed of large, flat, poly- 
hedral cells grouped into rounded acini and 
characterized by vesicular, pale-staining nu- 
clei. Dissolution of the epithelial cells forms 
a secretion that appears as a granular eosin- 
ophilic mass within the numerous branched 
ducts. 

Large wild Nom^ay rats frequently have 
atypical glands in which numerous large cysts 
mar the usual smooth glandular surface (Fig. 
2A). Such glands are found to consist of 
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and 5-d were obtained. Only the low energy 
ends of the tracks are seen in 5-c, the con- 
centration of silver grains being prevented by 
the insensitive layer of cellulose ester. Fig. 
5-d shows sufficient illumination to observe 
and photograph the histological body directly 
above the center of the alpha track ends. 
This body (circled) appears to be a von Kupf- 
fer cell. This is a tentative conclusion await- 
ing further checking. 

Stripping film to permit estimating relative 
amojtnts oj beta emitters in tissue. The 
estimation of relative quantities of an alpha 
emitter is relativel}^ easy since an alpha track 
representing a single disintegrated atom is a 
definite grain pattern and can easily be 
recognized. If the geometry and exposure 
time and half-life are known, a fair estimate 
of the concentration of an alpha-emitting ele- 
ment can be made. Certain precautions have 
to be taken. For example, the exposure must 
not be so long as to give a sunburst density 
as shown in Fig. S-a in which the tracks 
cannot be counted. Also, if an optically dense 
histological body should override an alpha 
track, its chances of detection would be di- 
minished. 

These difficulties are magnified for the 
estimation of a beta emitter since no recog- 
nizable pattern of grains is produced. In- 
stead, single grains must be counted. In 
the case of the thyroid, for example, where 
the colloid is reasonably transparent, the 
grains underneath the colloid can^ be easily 
distinguished one from the other. However, 
when one attempts to count the grains be- 
neath the follicular epithelial cells, the gi*ains 
are obscured by the optical density of the 
stained cells and their nuclei especially. This 
is illustrated in Fig. 3. 

Stripping film offers an escape from this 
impasse. The tissue is mounted on the cel- 
lulose ester, 10 fj. thick, instead of on the 
emulsion. Examining with a 1.8 mm ob- 
jective having a field depth of about 0.5 jx 
and focusing the microscope 10 /i beneath a 
section to observe the grains, the opticallj’' 
dense bodies of the tissue are sufficiently out 


of focus and thereby transparent to permit 
counting the grains immediately benevith 
them. However, this advantage is not gained 
without some loss in resolution due to the 
10 fx separation of the tissue from the emul- 
sion. But this is a small loss compared with 
the gain in resolution of the NTB emulsion 
over that of medium lantern slide emulsions. 

An additional advantage of the stripping 
film technic is a method of lajdng a uniformly 
thin emulsion layer close to a single cell or 
tissue. Either the emulsion or the 10 fi base 
can be placed in contact with the specimen. 
The latter differs from the emulsion-paint- 
ing technic of Belanger and Leblond'" in that 
the emulsion is separated from the tissue by 
the thickness of the base. The stripping film 
has the advantage over the paintings technic 
in that the base and emulsion are standard- 
ized at the factory by those e.xperienced in the 
art of making photographic emulsions. 

Another advantage of the stripping film 
is its use in the prevention of chemical fog- 
ging. As emulsions become more sensitive to 
beta particles we will be able to detect smaller 
amounts of beta emitters in a tissue section. 
However, as the technic becomes more sen- 
sitive, the problem of eliminating fogging due 
to various naturally occurring chemicals in the 
tissue looms large. The mounting of sections 
on the cellulose ester base instead of directly 
on the emulsion will eliminate this difficulty. 

Summary. An autoradiographic technic, 
using stripping film, is described b}^ w'hich 
back scattering, emulsion staining, chemical 
fogging, and photographic-developer damage 
to the tissue are eliminated; blood smear 
autographs can be made; histological bodies 
above intense collection of grain can be 
identified; and grain counting for quantita- 
tion is permitted. 

Wc aj^prcciate the vnliiable assistance of ^fr. 
Robert Hay in tlie preparation of the final photo- 
graphs for this paper. 

This paper is based on work jjerfonned nnil^r 
contract witli the United States Atomic Km-rgy 
Coinmission at The University of RoclH*ster 
Atomic Energy Project, KocIie.‘«ter, N. "i . 
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Fig. 3-'A. 

Graphs showing the relationsMp between the weights of the preputial glands and bodj* 
weight in the 3 forms of rats: wild Alexandrines (45 45$ ); wild Nonvavs (Cl^, b0$); 
domestic Norways (39 $ , 39 $ ). 

Fig. 3-B. 

Graphs showing the relationship between the weights of the adrenals and bod^* weight in 
the 3 forms of rats. (Data taken from Rogers and Richter). 


Physical characteristics of preputial sccre- 
iion: A considerable quantity (0. 1-0.3 cc) 
•of the sebaceous secretion usually may be 
expressed from the ducts of the glands by 
gentle manipulation in .the mature wild Nor- 
way and the Alexandrine rats. It is seldom 
possible, however, to obtain as much from 
the glands of the domestic rat. In many rats 
the secretion is a viscous yellow mass; in 
some it may be quite liquid. In the former 
case it emerges in ribbon form, whereas in 
the latter droplets are formed. 

Growth and size of preputial glands: 
Fig. 3A shows the relation between the weight 
of the preputial glands (in mg) and body 
weight. The lines connect points represent- 
ing average values obtained in the various 
body weight classes. 

a) Wild Xonvays, The weights of the pre- 
putial glands in female rats increased from 
30 mg at an average body weight of 75 g to 
695 mg at 500 g, or a 23-fold increase. The 
gland weights of the males increased at much 
the same rate. 

b) Domestic Nonvays, The glands weighed 
much less in all body-weight classes of the 
domestic rats than in the wild forms, and 


their size increased at a much less rapid rate. 
The weights of the glands of female rats in- 
creased from 25 mg at an average bod}* weight 
of 60 g to 115 mg at 350 g, or a 4.5-fold in- 
crease. Over the same w'eight range the 
glands of the Avild NonvaA^s increased 11-fold. 
In general, female rats had larger preputial 
glands than males of the same size. 

c) Alexandrine rats. At body AA^eights of 
250 g, the glands aA^eraged 760 mg for AIe.x- 
andrines, 200 mg for wild NonA'ays, and 90 mg 
for domestic NonA’ays. Thus the glands of 
Alexandrines Aveighed about 4 times as much 
as the glands of wild NorAvays and about 8.5 
times as much as those of domestic Nor- 
wa3'S. 

A comparison of the heaviest glands found 
at any time in each species further brings out 
the species differences; 143 mg in the domestic 
rat, 984 mg in the wild Norway, and 1200 
mg in the AA’ild Alexandrine. 

The sharp increase that occurs in the 
size of the glands in the wild Alexandrine rat 
at body Aveights between 75 and 125 g. and 
in the Avild Nonvays between 175 and 250 
g, may coincide Avith the onset of puberty in 
the tAA"o species. 




Pig. 1. 

Photograph of the 3 pairs of preputial glands from a domestic Norway, a wild Norway, and 
a wdld Alexandrine rat. Each rat weighed 250 g. (Scale — centimeters) ‘ 



numerous dilated ducts, separated by strands 
of connective tissue. Many of these ducts 
show h\^erkeratosis. Such cysts are gen- 
erall}^ associated with a chronic inflammator}' 
reaction. It is not dear whether the inflam- 
mation causes, accompanies or results from 
the epithelial C 3 ^sts. 

Apart from this abnormality^, routine stain- 
ing with hematoxylin and eosin does not reveal 
any essential difference in glandular structure 
between the 3 t 3 ^pes of rats. Figs. 2B and C 
are photomicrographs which show the tv'pical 
structure of the preputial glands in Alexan- 
drine and domestic Nonva3' rat5. 

Fig, 2 a. 

Low power view (XlOO) of section from a 
preputial gland from a wild Norway rat. The 
miter of the deld is oeenpied ?iy a large cystic 
dilatation containing a typical laminated epithelial 
'*pcarP* in the center of which degenerating acini 
ina,v he seen. 

Fig. e-B. 

Low power view (XlOO) of a section from the 
])reputial gland of a domestic Norway rat. A 
branch of one of the ducts extends upwards from 
tlie lower riglit hand corner. 

Fig, e-C. 

Low power view (XldO) of n section of the 
preputial gland from a wild Alcrandririo rat. A 
large muUibrancIicd duct is the most prominent 
feature. 
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size. In the cross-bred offspring, the glands 
are markedly smaller than those in wild Nor- 
way rats and only slightly larger than those 
in domestic Norways. 

Relation oj preputial glands to adrenals: 
Fig. 3B gives the average adrenal growth 
curves obtained for 100 (50 and 50 $) 
each of wild Alexandrine, wild Norway, 
and domestic Nonvay rats (data redranm 
from Rogers and Richter^). The ordinates 
give the combined weights of both ad- 
renals in milligrams; and abscissas, body 
weight in grams. Like the preputial glands, 
the adrenals of the wild rats are much 
larger than those of the domestic rats, and 
in each form the females have the larger 
glands. Unlike the preputial glands, how- 
ever, the adrenals are only slightly larger in 
the wild Alexandrines than in the wild Nor- 
way s. 

In crosses beUveen wild and domestic Nor- 
way rats the adrenals, like the preputial 
glands, are only slightly larger than in the 
domestic forms. 

Discussion. The common laboratory Nor- 
way rat has undergone great changes in be- 
havior during the course of domestication. It 
is tame, tractable and trusting; the Vvild 
rat is fierce, intractable, and suspicious. Some 
of the behavior changes can be correlated with 
anatomical modifications, such as the decrease 
in size of the adrenal glands (Rogers and 
Richter ,**) or the decrease in the number of 
taste papillae on the surface of the tongue 
(Fish and Richter‘S). No such correlation can 
be readily detected between behavior and the 

& Rogers, P. and Ricliter, C. P., J^lndocrin- 
lots, 42, 4G. 

c Fish, II. S., and Pichtcr. C. P., Pboc. Soc. 
Exp. Biol, and Med., 194G, 03, 352. 


recession of the preputial glands. The lack 
of any definite knowledge about the function 
of these glands makes a correlation difficult. 

Since the ducts in males are located on the 
penis, it is possible that this highly sebaceous 
secretion may serv’e a lubricating function dur- 
ing copulation (Schaffer^). It seems unlikeW, 
however, that it ser\*es such a function in 
females, since in them the ducts do not end 
near the vaginal opening. 

The secretion, through its odor (Noble and 
Collip"^), might play a part in sex attraction. 
The fact that domestic rats have lived in 
cages for such a long time may be related 
in some wav to the atrophy of these glands, 
dilates are provided for domestic rats, so that 
they no longer have to depend on finding their 
mates b}' scent. 

The larger size of the preputial glands in 
the wild Alexandrines remains unexplained. 
The Alexandrine rats live more in ceilings, 
where any scent left would not he destroyed 
by rains, etc., as it is on the ground. Perhaps 
scent plays a larger part in their life than 
in that of the wild Norways. 

Summary. 1, The domestic Norway rat, 
the animal commonly used in laboratories 
throughout the world, has much smaller pre- 
putial glands than does its wild ancestor. 

2. The preputial glands are definitely 
larger in the wild Alexandrine than in the 
wild Norway . 

3. In all 3 forms, the glands are larger in 
females than in males. 

4. The preputial glands and the adrenals 
seem to show the same growth relationships in 
the three forms. 

r Schaffer, J., Z. vnl:rr<inai. Forsch.^ 1933. 

1 . 
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In the domestic Norway, which always has 
small glands, the variations from the mean 
for any weight group are small, whereas in 
the other two forms which have large glands, 
there is much more scattering, especially in 
the largest animals. 

WTiile comparing the size of the preputial 
glands in tlie three forms, one should bear 
in mind that the Alexandrine rat is normally 
a smaller animal than the Noru’ay. A 250 
g Alexandrine is an old adult of maximal size, 
but a 250 g wild Norway is bareh'' an adult. 
If a comparison could be made of the rela- 
tionship between preputial gland size and age, 
the difference between Alexandrine and wild 
Norway rats probabty would not be as great 
as indicated by the present method. Un- 
-fortunately it is not possible to determine the 
age of trapped wild rats accurately, and 
laboratory raised Alexandrines of known age 
have not been available. 

The preputial glands of both wild Norway 
rats and Alexandrine rats attain a greater size 
than has ever been produced experimentally 
with any form of treatment in the domestic 
Norway. Glands weighing about 300 mg 
have been reported in domestic rats following 
treatment either with potent adrenocortico- 
trophic extracts of the hypoph 3 ^sis (Noble and 
Collip,^) or androgens (Korenchevsk}^, et 
aLr'^) but these are of moderate size com- 
pared to those found normall 3 '’ in adult Alex- 
andrine or wild Norway rats. 

Cross breeding: The offspring of both 
sexes from a cross between a wild Norwa 3 ^ 
male and a domestic Norway female were 
used to determine the effects of cross breeding 
on the size of the preputial glands. Table I 
shows the relationship between the size of 
the preputial glands and bod 3 ’’ weight in the 
offspring of this cross as compared with ^yi\d 
Norwa 3 ’’ and domestic Norwa 3 ’‘ rats of equal 

1 Noble, E. L., and Collip, J. B., Endocrinology , 
1941, 29, 934, 943. 

2 Korenchevsk}’, V., Dennison, ^1., and Simpson, 

S. D., Biochem, J,, 1935, 20, 2534. 

3 Korcncbevskj', T., Dennison, M., and Eldndgc, 

M., Biochem. J., 1937, 31 , 4G7, /SO, 

4Korenclievsky, T., Hall, K., and Burbank, E., 
Biochcm, J,, 1939, S3, 213; 3/2. 
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ginning of this project, and no treatment other 
than the drugs being tested was given until 
after this work was completed. All subjects 
had received the routine hospital studies at 
the time of admission. Recent additional 
tests, including chest x-ray, E.C.G., C.B.C. 
and urinalysis, were within normal limits. 

Evaluation of the subjects at the time of 
administration of the drugs included determin- 
ations of blood pressure, pulse rate, skin tem- 
perature, sweat secretion, electrical skin re- 
sistance, and neurologic and psychiatric sta- 
tus. 

Arterial blood pressure was measured in 
one arm by the standard auscultator}'^ 
method. Radial pulse rate was counted for 
15 seconds. 

Skin temperature was measured using a 
Hardy Dermal Radiometer. Readings were 
taken from the forehead and from the palm 
and dorsum of the hand contralateral to the 
arm in which the infusion was given. Room 
temperature was also recorded. 

Permanent records of palmar sweat secretion 
were made according to the technic described 
by Silverman and Powell." Diluted tincture of 
ferric chloride was painted on the dried, free 
palm and allowed to evaporate, A print was 
obtained by holding the palm for 3 min. 
against a sheet of paper impregnated with 
tannic acid. Thus the secretory’' activity of 
•each sw^eat gland was recorded by a *dot of 
ferric tannate. The number, size and distri- 
bution of these dots could be noted readily, 
and the amount of sweating could be rated 
according to previously described standards.® 
A faint response (0) included prints vaning 
from almost entirel}^ blank to those showing 
a light grey shade with fine pinpoint dots. A 
moderate response (l-V) show'ed thicker dots, 
darker in shade, arranged in a linear pattem. 
A strong response (2+) showed black 
speckles of varying sizes. An intense response 
(3+) showed blackening with blotches. 

Electrical skin resistance w'as measured us- 
ing a dermohmeter of the Jasper type.^ The 

rsuvcrmnii, J. .T., and Powell, V. E., Jju. J, J/. 
5c., 1944, 208, 297. 

8 Silverm.an, J. J., and Powell, V, E., T&ycho^ 
-sotnaiic Mai., 1944, 0, 244. 


electrodes w^ere pure silver discs, 1 cm in diam- 
eter. No electrolyte paste or jelly was used at 
either electrode. The resistance was measured 
between pads of the hallux and the index- 
finger of the same hand, giving a single read- 
ing per patient per examination. This thumb 
to finger resistance was quickl}^ and simply 
obtained, and remained constant at an exam- 
ination. It represents approximately double 
the value which is obtained if electrolyte paste 
or jelh' is used to reduce the resistance at one 
electrode. 

All neurologic examinations and evaluations 
of the signs of catatonia w^ere made by the 
same observer and in a uniform manner. 
Twelve categories in which abnormalities are 
frequenth" found in catatonics had been 
previously selected. These categories w’ere: 
posturing, facial immobility, facial grimacing, 
spontaneous activity, spontaneous speech, 
activity in response to request, speech in re- 
sponse to questions, strength of manual grip, 
passive resistance, wa?^ flexibilitx’, response to 
pin-prick, and response to supraorbital pres- 
sure. In order that comparisons could be 
made, each subject w'as rated from 0 to 44- in 
each of the 12 categories, according to the 
amount of deviation from the normal. The 
results of previous tests were not consulted 
at the time of subsequent examinations. Con- 
sistency of the evaluations was readily dem- 
onstrated. 

Psychiatric examination consisted of ob- 
servations and intendew's lasting about 30 
minutes per patient. All were done by the 
same examiner, who was already acquainted 
wdth the subjects and their histories. Detailed 
notes w^ere kept. 

The drugs employed were sterile sodium 
amytal, supplied in Q.5 g ampules, and sterile 
Dibenamine, supplied in ampules containing 
500 mg of the drug in 10 cc acidified alcohol- 
propylene glycol. All drugs w'ere administered 
intravenously in sterile, isotonic saline solu- 
tion, supplied in 500 cc flasks, as described 
below’. 

Procedure, The investigation w’as carried 
out in an ordinal^’ 12-bed hospital W’ard as- 

0 Jasper, II., J. 2\curos\irg., 1945, 2, 257. 
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Effect of N.N-Dibenzyl-^-Chloroethylamine Hydrochloride (Dibenamine) 
on Autonomic Functions and Catatonia in Schizophrenic Subjects.* 

Howakd E. Medinets, Nathan S. Kline and Fred A. Mettler. 

From the Feitropenchiatric Division, Montefiore Hospital, New Tor): Citt/, t)ie Dcparlmctit of 
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The schizophrenic reaction, catatonic t}T5e,^ 
(dementia praecox, catatonic^) is character- 
ized by conspicuous abnormalities of motor 
behavior. Patients with this disorder fre- 
quently also show signs of imbalance of the 
autonomic nervous system. Pupillary changes, 
vasomotor disturbances, increased salivation, 
scanty or increased urine, constipation, and 
cardiovascular irregularities may occur.^ Gell- 
horn concluded that studies of autonomic 
functions in schizophrenic patients demon- 
strate “not only a decreased reactivity of the 
sympathico-adrenal system, but also a rela- 
tive preponderance of the vago-insulin sys- 
tem.”^ Nevertheless, mydriasis, delayed gas- 
tric and colonic emptying,*^ cold extremities, 
and hyperhidirosis indicate elements of in- 
creased sympathetic activity. 

The object of this investigation was to 
study the effect of chemical blockade of sym- 
pathetic function in patients with schizo- 
phrenic reactions, catatonic t 3 ^e. The drug 
used was Dibenamine (N,N-dibenzy]-,S-c]ilor- 
oethylamine h 3 ’’drochloride),t a s^mthetic ter- 

* Publislied with permission of the Chief iledi- 
cal Director, Department of Medicine and Surgery, 
Veterans Administration, wlio assumes no respon- 
sibility for tho opinions expressed or the conclu- 
sions dra'svn by the authors. 

1 Nomenclature of Psycliiatric Disorders and 
Beactions, Vet. Adm. T.B. lOA-78, Oct. 1, 1947. 

2Hinsie, L. E., and Shatzky, J., Psychiatric 
Dictionary; London, New York, Toronto, Oxford 
IJnivorsity Press, 1940. 

3 White, W. A., Outlines of Psychiatry, Wash- 
ington, Nervous and Dental Disease Publishing 
Co., 1935. 

4 Gellhorn, E., Autonomic Begulations, New 
York, Interscicnce Publishers, Inc., 1943. 

5 Henry, G. AV., Athi, J» Psychiai., 192S, 7, ISo. 


tiary amine having the specific, powerful and 
prolonged action of blocking excitatoiy” adren- 
ergic activity,® 

In October 1947, as a preliniinar\' pro- 
cedure, Dibenamine was given to 2 catatonic 
patients at the New Jersey State Hospital at 
Gre\^stone Park. Definite changes in auto- 
nomic functions and transient improvement in 
the catatonia were observed. Controlled 
studies were therefore arranged. The present 
report concerns our investigation of a group 
of catatonic subjects in whom certain auto- 
nomic functions were evaluated and neuro- 
logic and ps^^chiatric examinations were made- 
before and after administration of saline, 
sodium amytal and Dibenamine infusions. 

Methods and Materials, Nine subjects, 
diagnosed as having schizophrenic reactions, 
catatonic tj^pe, were selected from the general 
wards at the Veterans Administration Hos- 
pital, Lj^ons, N. J. Patients witli marked im- 
pairment of spontaneous activity and poor re- 
sponsiveness to stimulation were sought. The 
cases with the severest stigmata of catatonia 
were chosen. The ages of the subjects ranged 
from 22 to 38 3 ^ears, and their ps 3 'choses had 
been present from 3 to 7 years. Subject 4 
was the onl 3 ’’ one who showed any recent ten- 
denc 3 ’’ to have spontaneous remissions. Most 
of the patients had received electric and/or 
insulin shock therap 3 ', with wliich \^mng 
degrees of transient benefit had been noted. 
No shock treatment was given to any of the 
group for at least 10 weeks prior to the bc- 

i Dibenamine supplied through the courtesy of 
Dr. W. Gump, Givaudaii-Delnwanna, Inc., Dcia* 
wanna, N. J. 

0 Nickerson, AI., and Goodman, L. S., #7, P/iarm, 
and Pxp, Therap,, 1947, 80, 167, 
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TABLE I. 

Effect of Dibenamine on Blooci Pressure and Pulse 
Bate in Catatonic and in Normotcnsive, Non- 
Psychotic Subjects. 

Non-psrcliotic 
Cat atonies normotcnsivesi^ 


115 ± 1.4 
76 ± 1.2 
121 :i: 3.3 
67 ± 1.8 
-f G ± 3.1 
—8.5 ziz 1.0 


Besting P.B. 73 i 2.9 

P.B. after 110 ± G.l 

Dibenamine 

Cliange in P.B. 4'37 ^ 8.8 


Besting B.P. 


B.P. after 
Dibenamine 

Chang6 in B.P, 


124 2.2 


122 3.0 

09 zt 1.9 


78 dz 2.0 


4-6 It 1.6 


tachycardia lasted 18 to 36 hours. The 
morning after the infusions the mean P.R. 
ivas 96 zh 6.8, with 2 of the 9 subjects who ' 
had received 5 mg/kg and 2 of the 3 who had 
received 7,5 mg/kg still having resting rates 
over 100, All subjects had orthostatic tachy- 
cardia when tested 18 hours after the Dibena- 
mine infusions. This lasted 24 to 72 hours. 

It is of interest to compare the B.P. and 
P.R, effects of Dibenamine in this group of 
catatonic subjects with previously reported 
results in non -psychotic, normotcnsive gen- 
•eral hospital patients.'^ (Table I.) The 
methods and circumstances of both studies 
were similar. The initial systolic pressure is 
significantly lower in the catatonics (differ- 
ence in means = 9 2.6), although there is 

no significant difference in diastolic pressures. 
B.P. studies in a larger series showed signifi- 
cantly lower systolic and diastolic pressures 
in schizophrenic patients compared with stu- 
dents.^^ Following Dibenamine the mean 
B.P, of the catatonic group is almost identi- 
cal with that of the non-psycholics. How- 
ever, although the initial P.R.s in the two 
groups did not differ significantly, the cata- 
tonics showed a very much faster P.R. fol- 

Haimovici, II., and Medinets, IL E., J>noc. 
.Soc. Exr. Biol, and Med., 1048, 07, 163, 
nprwmnn, II., Hoskins, B.' G., and Sleeper, 
P. H., Arch. Xntrol, and Pffi/chiat., 1032, 27, 3 , 33 . 


lowing Dibenamine. 

The response to Dibenamine of catatonic 
subjects differed from that of non-psychotic 
normotensives by shoeing a slight increase 
in systolic pressure and a large increase in 
P.R. These differences are suggestive of 2 
effects of injected epinephrine which are not 
blocked by Dibenamine, namely the rise in 
cardiac output^- and the tachycardia.®-^-’^^ 
The presence or production of increased 
epinephrine in the catatonics might explain 
the observed differences. Further specula- 
tion will be deferred until additional studies 
are completed. 

(C) Skin Temperature. Forehead, palm, 
hand dorsum and room temperatures were re- 
corded. Room temperature varied between 
20,0° and 22.4°. Although even this small 
amount of variation was undesirable, it did 
not appear to affect the skin temperature re- 
sults significantly. Furthermore, since all 
three drugs were being administered to the 
groups of subjects at the same time, com- 
parison of the mean changes of the groups is 
valid. 

The mean pre-injection forehead tempera- 
ture was 34.1 :±z .2°, dorsum temperature was 
27.4 zt .5°, and palm temperature w^as 27.4 

.6°. No drug produced significant changes 
in forehead temperatures. Following saline 
infusions the hands were slightly cooler in 
all subjects. The mean change was -1.7 d: 
.5° for the dorsum and -2.5 ±; .8° for the 
palm. This cooling probably represents the 
effect of the additional 1 to 1^ hours of 
exposure with relative immobility. After 
sodium- amytal the mean dorsum temperature 
change was +3.2 c!z 1.5® and the mean palm 
change was +3.0 d: 1.4°. These mean tem- 
peratures (increases) differ from those fol- 
lowing saline (decreases) by 4.9 zd 1.6° and 
5.5 d: 1.6°, both significant differences. This 
warming of the hands after sodium amytal 
was noted in 5 of the 6 subjects who were 

Hoelit. II. H., aiifl .AndcrsQn, R. B., Ain. J. 
Med.. 1947 , 3 . 

33 (a) Aeheson, G. H., Parali, A., .and Frcnclr, 
G. N., Fed. Proc., 1947, (1, 305. (b) Voumans, 

W. B., and Rankin, V. M., Pnoc. 8oc. Exp. Biot. 
AND Med., 1947, GO, 241. 
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signed for the purpose. The subjects were 
kept lightly restrained in bed -^vith their hands 
exposed for 2 hours preceding the testing, 
which was begun at about 9:00 a.m. Break- 
fast and lunch were withheld. After pre-injec- 
tion observation (blood pressure, pulse rate, 
skin temperature, palmar sweat secretion, 
electrical skin resistance, neurologic and psy- 
chiatric status), intravenous infusions were 
started in all subjects, with 400 cc saline in 
the flasks. When the infusions were running 
wtII, 0.5 g of sodium amytal was added to 
the saline in each of 3 flasks, and mixed well. 
Similarly, Dibenamine in dosage of 5 mg per 
kg of body weight of the subject was added 
to the saline in each of 3 other flasks, and 
mixed well. The remaining 3 subjects re- 
ceived only saline. The infusion rate was 
adjusted to approximately 100 drops per 
minute, so that 1 to hours were taken for 
administration of the entire volume. In 4 sub- 
jects, whose reactions were inadequate after 
350 cc of the dilute sodium amytal solution 
had been given, additional sodium amytal (up 
to 0.5 g) was slowly injected directly into 
the infusion tubing. At the end of each 
Dibenamine infusion, the tubing and vein 
were flushed by the addition of about 75 cc 
of saline to the flask. Immediate!}^ following 
the infusions the pre-injection tests and ex- 
aminations were repeated. The subjects were 
kept in bed, but beginning that evening regu- 
lar meals were served. After breakfast the 
next morning the tests and examinations were 
given for the third time, and those subjects 
who had received saline or amytal were al- 
lowed up ad lib. Those who had received 
Dibenamine were kept in bed until the ortho- 
static h^T^otension and tachycardia were gone 
(24 to 72 hours). 

The first series of infusions was given March 
9, 1948. Two weeks later the entire pro- 
cedure was repeated, but the subjects were 
rotated with respect to the drug receiv^ed. Tno 
weeks after the second series of infusions, the 
third series was given, with the subjects 
rotated. Thus, each patient received 3 in- 
fusions — one saline, one saline and sodium 
amytal, and one saline and Dibenamine (5 
mg/kg body weight). (The only exception 


to this protocol was Subject 6, who was not 
given his third infusion, saline, because his 
severe feeding problem made it necessar}’ to 
institute electric shock therapy.) The fourth 
and final series of infusions was given 2 weeks 
after the third. Three subjects who had pre- 
viously responded comparatively poorly to 
Dibenamine were selected. This time they 
received Dibenarnine in dosage of 7.5 mg per 
kg body weight (maximum dose was 500 mg), 
with the remainder of the procedure for them 
carried out as on the previous occasions. 

Results. (A) Blood Pressure {B.P.): Pre- 
injection resting B.P. ranged from 124/80 
to 96/68, with^a mean of 115 rfc 1.4/76 
rt 1.2 A Neither saline nor sodium amytal 
resulted in significant B.P. changes, the 
post-injections means having been 109 :i: 2.9/ 
72 zb 1.5 and 110 zb 3.6/71 zb 3.1 respec- 
tively. The mean B.P. following the 12 Di- 
benamine infusions was 121 3.3/67 zb 1.8. 

Although 4 of the Dibenamine infusions were 
followed by rises in systolic pressure averaging 
15 mm each, the increase in the mean is 
not statistically significant. The mean change 
in the diastolic pressure was a significant de- 
crease of 8.5 zb 1.0, representing the effect 
of blockade of s3TOpathetic vasoconstrictor 
tone. Eighteen hours after Dibenamine ad- 
ministration the mean B.P. was 121 br 2.7/ 
68 zb 2.2, and cardiovascular effects of the 
drug were still in evidence. No testing for 
orthostatic hypotension was done immediate- 
ly after the Dibenamine infusions. However, 
the following morning this phenomenon was 
noted in 3 of the 9 subjects who had received 
5 mg/kg and in all 3 who had received 7.5 
nig/kg. Orthostatic hypotension had disap- 
peared from all subjects by^ the third post- 
injection day. 

(B) Putse Rate (P.R.): Pre-injection 
resting P.R. ranged from 60 to 96. yvitli a 
mean of 73 b: 2.9/min. The saline and the 
sodium am>'’tal infusions produced no signi- 
ficant alterations in the P.R. Following the 
12 Dibenamine infusions the mean resting 
P.R. was 110 b: 6.1, a mean increase of 37 
zb 6.8 over the pre-injection levels. ThLs 

* AU mc.'iiT.'? /iro it tlit' staiulanl i*rror of 

the menu. 
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patients in catatonic stupor v;d,s found to be 
about the same as those of normals and of 
other groups of psychotic subjects.^^ A rela- 
tion between a" large amount of “free energy 
(or anxiety)” and low E.S.R., and between a 
small amount of free energ}’’ and high E.S.R. 
has been suggested.^® 

One maj’’ speculate regarding the mechan- 
ism by which Dibenamine inhibited excessive 
sweating and raised low E.S.Rs. in the sub- 
jects who showed these pre-injection abnor- 
malities. The regions tested (palms and finger 
pads) have sweating responses which are of 
the emotional tJT^e, specific for conditions of 
mental stress.^* Dibenamine therefore may 
have produced the observed changes indirect- 
ly, as a result of a central action in eliminating 
an “anxiety” factor. Against this explanation 
is the failure of sodium amytal to have pro- 
duced a comparable autonomic effect. The sec- 
ond possibility is that Dibenamine acted on 
S3^mpathetic ganglia or directlj’^ on the sweat, 
glands. These would imply either that Di- 
benamine inhibited a cholinergic function,^® 
or that the excessive sweating and low E.S.Rs. 
were exhibitions of adrenergic activit 3 ^ There 
is no evidence to suggest that Dibenamine is 
anti-cholinergic. However, there is some rea- 
son to believe that certain sweating may have 
an adrenergic component. It is also possible 
that Dibenamine decreased the sweating and 
increased the low E.S.Rs. by an action upon 
the h 3 T;>o thalamic sympathetic mechanism. 
Although there is no present direct evidence 
for this explanation, it is in accordance with 
other features of Dibenamine’s central ac- 
tivity, which are described below. 

(F) Neurologic Signs and Signs of Cata- 
tonia. Except for the physical signs of cata- 

Syz, II., and Kinder, E., Arch. XciiroL and 
PsT/chiat., 1928, lf>, 102G. 

1C (a) Solomon, A. P., and Fentress, T. L., 
.7. Xcri\ and Mcnt. Du,, 1934. 80, 1C3. (b) Bar- 

row, C. W ., and Solomon, A. P., Arc/i. Xciirol. and 
Paiichiat.y 1934, 512, 273. 

1" Kuno, Y., Lancet y 1930, 1, 012. 

18 (a) Fcldbcrp, W., and Gaddiim, J. II., J. 
PhiisioJ., 1934, 8t, 305. (b) Dale, H. II., and 

Feldberg, W., J. Physiol.j 1934, 82, 121. 

10 Haimovici, 11., Proc. Soc. Exe. Bioi.. .‘OsB 
Mhd., 1948, 08, 40. 


tonia described below, no subject showed an 
abnormal neurologic status. Deep tendon re- 
flexes ranged from h^Tio-active to ht^ier-ac- 
tive, wdth 3 tense subjects having occasional 
transient clonus. Pupils were equal bilateral- 
ly in all subjects, and one showed m 3 ’’driasis. 
None of the drugs administered changed the 
general neurologic status significant^. How- 
ever, transient clonus was not obser\^ed after 
sodium amytal or Dibenamine, and all sub- 
jects had miosis following Dibenamine. 

As previousl 3 ’' outlined, the signs of cata- 
tonia were observed in each subject and the 
amount of abnormality present in each of 

12 categories was rated from 0 to 4-J-. It 
was therefore possible to record not orly 
general impressions of improvement in the 
catatonia but also changes in each of the 
categories. In addition, the total number of 
points of abnormality shown b 3 ^ a subject at 
an examination may be considered his “cata- 
tonic rating” at that time, and used * to 
rank the subject with regard to severit 3 ^ of the 
catatonic manifestations. 

Pre-injection examinations revealed cata- 
tonic ratings for the individuals ranging from 

13 to 40, with a mean of 26.5 ±: 1.3. The 
following summarizes the pre-injection find- 
ings. 

All subjects appeared to be content to 
lie lightly restrained in bed. Abnormal pos- 
turing was common, and was present to a 
marked degree in 3 subjects. Blankness of 
facial ex^pression was the rule, although 2 
subjects usually showed meaningless grimac- 
ing and 3 others grimaced occasionall\^ Spon- 
taneous motor activity was rare in any of the 
group. No subject except No. 5 (on one occa- 
sion) evinced spontaneous speech during pre- 
injection testing. Subjects 4 and 5 were the 
onty ones who would respond, even in mono- 
S3dlables, when questioned prior to the injec- 
tions. When requested or commanded to per- 
form simple motor actions (lift arm, close 
eyes, open mouth) , 4 subjects rarely or never 
complied, although 2 others were usualh' com- 
pletely cooperative. No subject demonstrated 
more than feeble effort or strength of manual 
grip when requested, but considerable force 
was used by 3 subjects to resist certain pas- 
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neurologicly improved by the drug, and in 1 
of the 3 who were not. Following Dibena- 
mine the mean change in dorsum temperature 
was -h 2*9 dr 1.3° and the mean change in 
palm temperature was + 3.6 dz 1.2"*. These 
differ from the mean clianges after saline by 
4.6 dr 1.4° and 6.1 dr 1.4°, both significant 
differences. The increases in hand tempera- 
ture after Dibenamine ranged up to 10.3°, 
and the greater changes were noted in the 
subjects who were more improved neuro- 
logicly by the drug. Eighteen hours after 
Dibenamine infusions the increase in hand 
temperature 'was still present, the mean 
changes for the dorsum and palm being 
~|-4.6 dr .7° and + 5.4 rir .8° respectively. 
Eighteen hours after the saline and the sodium 
amytal infusions the hand temperatures were 
not significantly different from pre-injection 
values. 

(D) Sweat Function: Twenty-seven pre- 
injection palmar sweat prints were taken from 
8 subjects. (No prints were obtained from 
Subject 6 because his pre-injection posturing 
included tightly clenched fists.) A faint 
response was found iii 15 (55%) pre-injection 
prints, a moderate response in 6 (22%), a 
strong response in 2 (8%), and an intense re- 
sponse in 4 (15%). Individual variation be- 
tween ,the days of examination was noted. 
However, 4 subjects usually produced almost 
entirely blank prints, whereas 2 others had 
hyperhidrosis consistently and 1 other had 
hyperhidrosis occasionally. Neither saline nor 
sodium amytal infusions produced significant 
changes in the sweating responses, but im- 
mediately following the Dibenamine infusions 
there were no longer any strong (2+) or 
intense (3-}-) responses. Of the 11 prints 
obtained after Dibenamine, 10 were faint (0) 
responses and 1 was a moderate (1+) re- 
sponse. This inhibition of excessive palmar 
sweating gradually disappeared. Eighteen 
hours after injection, Subject 3 again had an 
intense (3+) response and Subject 9 had a 
moderate (1+) response. 

Palmar sweat prints obtained by the same 
technic and rated according to the same 
standards as the prints in this project were 
reported to have shown faint or moderate re- 


sponses in 78% of a group of hospital person- 
nel and strong or intense responses in 84% 
of the neuropsychiatric (mostly psychoneu- 
rotic) patients. 

(E) Electrical Skin Resistance (E.SR,): 
The mean pre-injection E.S.R. for all infusions 
in the 9 subjects was 192 ± IS K.^ Three 
subjects, the same ones who had excessive 
sweating, showed E.S.R. values clearly ab- 
normally low for the testing conditions. The 
mean pre-injection E.S.R. for these 3 was 
105 ih 21 K, whereas for the 6 other subjects 
tlie mean was 238 zfc 17 K. Five subjects 
showed pre-injection E.S.R. values which were 
constant for the several series of tests, but in 
the other 4 there were large spontaneous day 
to day variations. Neither saline nor sodium 
am3dal infusions were followed significant 
changes in the E.S.R. Immediately after tlie 
Dibenamine, the mean E.S.R. was 258 ± 25 
K, an increase of 66 zh 30 K from the pre- 
injection mean; 18 hours post-injection the 
mean was 290 ± 17 K, an increase of 98 ± 
24 K. The increases in E.S.R, after Dibena- 
mine were noted to occur almost exclusive!}" in 
those subjects whose initial resistances were 
low. Thus for 8 .infusions in 6 subjects whose 
pre-injection values were under 200 K., the 
mean change immediately following Dibena- 
mine was + 151 ±: 40 K and IS hours later 
it was -j- 195 dz 40 K. 

The palmar sweat responses and the E.S.R. 
measurements made in this study and sum- 
marized above show a very high correlation. 
(Spearman method of rank: r = .48, t = 
4.4, and p = less than .001.) 

The initial observations were made irith 
the subjects at basal conditions. The ver}" 
low sweat responses with high E.S.Rs. found 
in 4 subjects in contrast with the Inperhidrosis 
and very low E.S.Rs. found in 3 others dem- 
onstrate the extremes of these functions which 
catatonic patients may show. IVide variation 
in the E.S.Rs. of catatonics may be found 
in the data of other reports, although the 
average palni-to-palm E.S.R. of a group of 

$ K. = 1000 ohms. 

U (a) Eichtor, C. P., Arch. Xctirol diul Psth 
chiat., 102S, 10, 4S$. (b) Eichtor, C. P., Jrch, 

K air oL nn<I PsitchiaL, 1020, 21, 303. 
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noid) symptoms previously not elicitable were 
observed. When the catatonia was dissoWed, 
there was evidence of ego-centered and intro- 
spective concern, with little interest in^ the 
surroundings. At a later stage 4 subjects 
were moderately sleepy, and 1 was deeply 
so. Dibenamine, in contrast, produced 
definitely increased interest in surroundings, 
increased spontaneity, improved responsive- 
ness to environmental stimuli, and no sleepi- 
ness. As with sodium amytal, every patipt 
who had speech function after Bibenamine 
gave expression to hebephrenic or paranoid 
mental content. 

The mechanism by which Bibenamine pro- 
duced these changes in the catatonia may 
be considered. In non-psychotic individuals 
central effects have been observed after Bi- 
benamine.^^’^- Browsiness is common, and 
mental confusion with restlessness, or irrita- 
bility, emotional lability, hallucinations, par- 
amnesia or perseverations have been noted 
in some patients. Convulsions can be pro- 
■* duced by rapid administration in animals® 
and were reported to have occurred in one 
patient,^' Nickerson and Goodman state that 
the central stimulant action of Bibenamine is 
quite unrelated in time and mechanism to the 
adrenergic blocking activity, and that al- 
most identical central effects can be produced 
by the hydrolysis product, N,N-dibenzyleth- 
anolamine, which has no adrenergic blocking 
action.**^^* Investigation of this and other 
related compounds should be illuminating. 
Malononiirile, CH 2 {CN)o, has been reported 
to produce an effect on psychic functions in 
mental disorders and to stimulate nucleopro- 
tein production in nerve cells.-*^ Although 
flushing of the face resulted from malononi- 
trile administration, there was no observed 
change in B.P. The cyanide radical can cause 
circulatory changes and has been shown to 
produce vasodilation, probably by paralysis of 
srhooth muscle in vessel walls.^- Catatonia has 


been observed to dissolve upon I.V. adminis- 
tration of 1/50 N. sodium cyanide solution.- 
While Bibenamine may have a direct^ effect 
upon nerve cell metabolism, it is not impos- 
sible that the improvement in the catatonia 
which followed its use also may be associated 
wdth alterations in cerebral circulation, par- 
ticularly in the region of basal arterial supply. 
The correlation between neurologic change 
and change in skin temperature suggests at 
least parallel development of the 'increase m 
peripheral circulation and the improvement 
in the catatonia. The most recent study does 
not support the contention that the total cere- 
bral blood flow’' in schizophrenics is ab- 
normal.-^ The effect of Bibenamine on the 
circulation of blood in the brain of animals is- 
being studied. 

In this investigation, the responses to Bi- 
benamine and the responses to sodium amytal 
w^ere different. Only one of the 4 subjects 
%Yho were greatly benefited by sodium amytal 
was among the 4 who were most improved 
by Bibenamine. Furthermore, the types of 
responses produced by the two drugs were 
characteristically dissimilar, the amytal 
changes being especially verbal and respon- 
sive and the Bibenamine changes being in- 
creased spontaneity and interest in surround- 
ings. It would not appear that the mechan- 
isms of action of these drugs are the same. 

(H) Toxic and Side Effects. Few of the 
previously reported toxic effects of Bibena- 
mine^®’^- were observed in these subjects. 
There were no instances of phlebothrombosis,. 
although Subject 4 complained of pain along^ 
the vein throughout the infusion. Only one 
subject appeared to be nauseated or vomited 
(No. 3, \vho had brief retching after each of 
the 2 Bibenamine infusions given him. He 
was an intermittent soiler, and also showed 
loss of sphincter control following one ad- 
ministration of Bibenamine). Increased 
drowsiness was not produced. When Subject 


Nu'korson. M., Goo4inui\, L. S., Fech 
Pror.. 1P4S, 7, 397. 

-1 Hydcii, II., and IlartoHus, H., Acta Psifchiat. 
ct Xmrol.. 194S, 48, 1, 


2 exhibited masturbator\' activity after Bi- 
benamine (4th series of infusions), he and 
the 2 other patients who had received the 

23 Lorenz, W. F,, Fsychint. Qxtart,, 1930, 4, Oo.. 


SoUwniAU. T.. A Manual of Pharmacology, Kety, S. S., ct (if., J, Pkychini., 1948,. 


New York, W. B. Sanniers, 1942. 


104, 7C5. 



244 


Effect of Dibenamine in Catatonia 


sive movements. All but 3 subjects occasion- 
ally showed variable degrees of waxy flexi- 
bilit}^, but none would hold an induced posture 
for more than several seconds. The respon- 
siveness to pin-prick and to supra-orbital pres- 
sure was markedly diminished or absent in 4 
subjects, and in 2 others it was increased to 
a startle reaction. 

Immediately following the saline infusions 
no subject was significantly changed. The 
number of points change for each subject 
Tanged from -\-3 to -3, with a mean of .3 zh 
.9 points improvement. Eighteen hours later 
the mean change was .4 zt 1.3 points im- 
provement. Following amytal, 4 of the 9 
subjects were improved 11 to 19 points each, 
and the mean change was 6.6 zfc 2.7 points im- 
provernent. The most striking result of the 
amytal infusions was the production of fair 
to good verbal responsiveness in 4 subjects. 
There was also considerably less posturing 
and no grimacing. Spontaneous activity and 
spontaneous speech remained poor in all 
except No. 6, who developed marked resis- 
tance in addition. Most subjects were general- 
ly relaxed by the drug, and no improvement in 
'Strength, occurred. Responses to noxious 
stimuli approached normal in 6 subjects, but 
were less than normal in 3. The improve- 
ment which the sodium amytal produced 
lasted up to 4 hours, except in Subject 6, 
who was still improved (7 points) the next 
•day. Eighteen hours after sodium amytal 
infusions, the mean change from the pre-injec- 
tion status was 1.1 zt 1.1 points improve- 
ment. 

Following the 12 Dibenamine infusions, the 
9 subjects showed improvements ranging from 
'0 to 19 points each, with the mean change 
being 9.2 zb 2.5 points improvement. Nine of 
the 12 infusions resulted in improvements of 
8 points or more, and in these subjects the 
change in status was quite apparent. Postur- 
ing persisted in only one subject of the entire 
group, and grimacing in but one other. Spon- 
taneous activity was clearly increased in 6 
instances, with spontaneous speech appearing 
in 3 to a considerable degree. Five subjects 
responded well to requests for simple motor 
activity and 4 had good speech response. 


Strength of manual grip did not improve 
significantly. Although Subject 3 developed 
resistance to passive motions, all 6 subjects 
showing such resistance prior to drug admin- 
istration were improved. Waxy flexibility de- 
creased significantly in Subject I, Three 
subjects developed more normal responses to 
pin-prick and to supra-orbital pressure. The 
improvement following Dibenamine gradually 
disappeared in most subjects over a period oi 
24 to 48 hours. Eighteen hours after the 
infusions, the mean change from the pre-injec- 
tion status was 5.8 zb 1,7 points improvement. 
Speech function was the earliest to regress, 
disappearing a few hours after the infusion. 
(Subject 4 had a markedfy at 37 DicaI response 
to Dibenamine. His improvement began 5 
minutes after the drug was started, and he 
remained improved for over three %veeks. His 
pre-test history showed .spontaneous remis- 
sions.) 

Increasing the dosage of Dibenamine from 
5 to 7.5 mg/kg of body weight was associated 
wdth an increase in the degree of immediate 
and 18 hour improvement. 

Correlations were sought between initial 
neurologic status and initial abnormal auto- 
nomic functions, and between change in 
neurologic status and changes in autonomic 
functions. Because the series was small, sta- 
tisticalb’’ significant correlation is difficult. 
Howe\"er, a significant coefficient of correla- 
tion was found between neurologic improve- 
ment and increase in hand temperature after 
Dibenamine. For the 12 infusions, r = .5 
t = 1.9, and p = .08; and for 12 infusions 
(omitting Subject 4, whose response was 
atypical), r = .74, t — 3.3, and p — .01. 
Similar coefficients computed on the changes 
after sodium amytal are very low. 

(G) Psychiatric Examinations. Without 
going into an\' details, the group of patients 
may be described as representative of the 
negative variety of schizophrenic reactions — 
catatonic t 3 'pe, moderate!}' severe. There was 
no pS3*chiatric change following saline, but 
sodium am 3 ’tal brought about definite lessen- 
ing of tensions. With the verbal mobilization 
that developed in 4 subjects after amytal, 
man}' scliizophrenic (hebephrenic and para- 
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Suppression of Local Tissue Reactivity (Shwartzman Phenomenon) by 
Nitrogen Mustard, Benzol, and X-Ray Irradiation. 

Robert Mettler Becker.* (Introduced by Clayton G. Loosli.) 

From ihe Department of ^redicine, Vnivcrsitp of Chicago School of Medicine. 


When a filtrate of Eberthella typhosa is in- 
jected intradermally into a rabbit and 24 
hours later injected intravenously,^ there 
develops a severe hemorrhagic necrotic reac- 
tion at the site of the intradermal injection 
within a period of 2-6 hours. Shwartzman"^ 
made his original observations on this reaction 
in 1927. It was soon found- that many un- 
related bacteria were capable of producing the 
reaction, including the Neisseria intracellu- 
laris (INIeningococcus), as well as non-bac- 
terial substances, such as agar and starch. Al- 
though a certain small number of rabbits are 
naturally resistant to the reaction, a filtrate 
or endotoxin of a virulent meningococcus will 
consistently produce strong reactions in 90- 
100% of rabbits tested. 

Although the histological reaction is basic- 
ally one of vascular inj’ury, opinions--^ differ 
as to the nature of the Shwartzman phenom- 
enon. There is agreement, however, that it 
is a non-specific reaction which does not 
involve the known immunological mechanisms 
(agglutinins, precipitins, etc.). Because of 
the known depressive effect of Benzol, X-ray 
irradiation, and nitrogen mustards On the 
parenchymatous elements of the blood-form- 
ing organs'^"" and on the reticuloendothelial 

* Assistant resident, Department of Medicine, 
"University of Chicago Clinics. 
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system, these agents were employed in an 
effort to throw light on the nature of the 
Shwartzman reaction. 

Methods and Materials. The meningococ- 
cus filtrate and meningococcus endotoxin 
which were used throughout this study were 
prepared as follows: ^ 

Meningococcus filtrate'. Avirulent Type I 
strain of meningococcus was grown in 16 oz. 
flat-sided bottles for 24-30 hours on casein 
digest agar^® enriched with cy stein. The 
growth of each bottle was washed off “with 10 
cc of physiological saline in 0.4% phenol and 
centrifuged at approximately 3000 RPM for 
20 minutes. The clear supernatant was passed 
twice through Berkefeld candle filters, adjus- 
ted to pH 7.8 and cultured for sterility. 

Meningococcus endotoxin: The remaining 
sediment ivas resuspended in water (20 cc 
per culture bottle), adjusted to pH 8.2, 
incubated for 2 hours, placed in the icebox 
overnight, readjusted to pH 7.8, placed in a 
water bath at 60°C for 1 hour and 45 minutes, 
and cultured for sterility. 

Fresh batches of the filtrate and the endo- 
toxin were prepared approximately every 3 

8 Hektocn, L., J. Jnf. Vis., 1915, 17, 415. 

0 Hektoen, L., J. Jnf. Vis., 191G, 10, 69. 

lOSimontls, J. P,. and Jones, H. M., J. Med. 
Jtes., 1915, 33, 197. 

11 Hektoen, L., and Corper, H. J., Inf. Vis., 
1921, 28, 279. 

1- Spurr, C. A., Proc. Soc. Exp. Biol. .\xd Med., 
1947, 04, 259. 

13 PhiUps, F. S., Hopkins, F. H., and Freeman, 
M. L. H., J. Immunol., 1947, 55, 289. 

1^ Taliaferro, W. H., and Taliaferro, L. G., 
J. Jnf. Vis., Feb., 194S, 82, 5. 
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drug at the same time were found to have 
priapism. The subjects had not been exam- 
ined for this in the previous tests. 

Covivicnts: There is psychiatric dis- 
satisfaction with schizophrenia as a nosologic 
entity and particularly with the sub-classifica- 
tions as they now stand. The stigmata 
characteristic of catatonia are physiologic and 
can be experimentally produced or abolished. 
When sodium amytal or Dibenamine dis- 
solves the -catatonia in patients with schizo- 
phrenic reactions, catatonic hebephrenia 
or paranoia appears. Catatonia, which is an 
abnormal physiologic state, is therefore actual- 
ly at a different descriptive level from either 
hebephrenia or paranoia, which are psycho- 
pathic states. Further discussion of this mat- 
ter is reserved for later publication.' 

There is considerable experimental ’ and 
clinico-pathological evidence suggesting that 
the manifestations of catatonia are mediated 
by the hypothalamus^ and/or the basal gan- 
glia.-® We will not review this material in 
the present paper. However, it can be pointed 
out that both motor and autonomic centers 
are located in this region of basal arterial sup- 
ply, and that motor and autonomic disturb- 
ances frequently accompany clinical and ex- 
perimental lesions in this area. Catatonia and 
epidemic encephalitis supply many examples 
of co-existence of such motor and autonomic 
abnormalities. The physiologic basis for the 
association of these abnormalities may be 
the common blood supply to the hypothalamus 
and the basal ganglia. 

Stnnviary: 1. Certain autonomic func- 
tions (B.P., P.R., skin temperature, palmar 

25 (a) Ingram, tV. I?., and Panson, S, tV., Arch* 
Neuroh and PsycliiaU, 1934, 31, 9S7. (b) Ingram, 

W. E., Harris, E. W., and Hanson, S. W., Arch. 
Kcurol. and Psychiat.j 193G, 35, 1175. (c) Han- 

son, S. W., and Hanson, 31., Arch. XcuroL and 
Psijchiai., 1939, 42, 1059. 

2C (a) Lewy, P. H., Hie Lohre vom Tonus ii. 
Ben-cgiing, Berlin, Julius Springer, 1923. (b) 

Assoc, for Eos. in Nerv. and 3tcnt. Dis., Diseases 
•of the Basal Ganglia, New York, The Williams 
and Wilkins Co., 1942. (e) Pettier, F. A., J. 

Xeuropath. ami XcuroU 19^5, 4, 99. 


sweat response, electrical skin resistance), the 
signs of catatonia, and the psychiatric status 
of 9 patients with schizophrenic reactions, 
catatonic type, were evaluated before and 
after saline, sodium amytal, and Dibenamine 
infusions. 

2. Pre-injection autonomic abnormalities 
were low systolic B.P., cool extremities, and 
either very low sweat responses with high 
E.S.Rs., or hvperhidrosis with very low 
E.S.Rs. 

3. Saline produced no significant changes. 

4. Sodium amytal infusions were followed 
by increased hand temperatures and improve- 
ment in the catatonia, especially in the verbal 
spheres. The subjects became relaxed, 
showed little interest in surroundings. ‘ In 
those 4 who developed sufficient speech func- 
tion, hebephrenic or paranoid ideas were ex- 
pressed. All changes were transient, 

5. Dibenamine infusions were followed by 
a slight increase in systolic B.P. and a large 
increase in P.R., neither of which changes 
have been reported in non-psydiotic subjects 
after Dibenamine. Excessive sweating was 
inhibited, and low E.S.Rs. were raised. The 
hands became warmer. Significant improve- 
ment in the signs of catatonia was noted in 
most subjects, especially (and in contrast to 
the effects of amytal) production of increased 
spontaneous activity and increased interest in 
surroundings. There was correlation between 
warming of the hands and the neurologic im- 
provement. As with amytal, verbalization 
revealed hebephrenic and paranoid ideas. 
Toxic effects were infrequent and minor. All 
effects were transient, but of longer duration 
than with am>dal. 

6. The possible mechanisms by which Di- 
benamine inhibits sweating and by which it 
improves catatonia are discussed. 

7. A difference in the descriptive level of 
catatonia from that of hebephrenia and par- 
anoia is pointed out. 

S. The common blood supply of the Inpo- 
thalamus and the basal ganglia is suggested 
as a possible basis for the clinical a.ssociation 
of certain motor and autonomic abnormalities. 
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TABLE I. 


Effects of 

Benzol and X-ray 

Irradiation on the 

Shn-artznian Phenomenon. 

Dosage schedule 

No. of 
rahbits 


Reactions following inj. I.V. 
reacting factor (4-Glu) 

Amt. 

Days before 
I.V. react- 
ing factor* 

None 


4 — r 4“ 4 - Deaths 

Benzol — 1.0-1.5 cc 

4 

1 



1 

per kg daily 

7 

4 

o 


o 

Subcut 

8 

3 

3 




9 

1 

1 




13 

I 

1 



2.0 cc per kg 

7 

1 



1 


7 

1 

1 



Totals 


12 

8 

0 

0 4 

X-iay total bodv 






irradiation 






800r 

0 

2 



2 

300r 

3 

1 



1 

800r 

3 

o 


2 


SOOr 

4 

10 

6 

4 


800r 

7 

1 


1 


Totals 


16 

G 

7 

3 

None = no reaction. 





+ 4“ = suppressed hemorrhagic reaction (1 cm). 




+ 4“ + + = severe hemorrhagic reaction (3-6 cm). 



= Meningococcus filtrate or endotoxin. 






TABLE II. 



Effect of Single Injection of Methyl-bis Nitrogen Mustard Intravenouslv 

on the Slnvartzman 



Phenomenon. 



Dosage schedule 





/ 




Reactions following inj. I.V. 


Days before 



reacting factor (4-6 hr) 


I.V. react- 

No. of 





Amt. 

ing factor* 

rabbits 

None 


4- + 4*+ Deaths 

2 mg 

0 

o 



o 

kg 

1 

o 



o 


2 

2 

1 

1 



3 

9 

9 




4 

4 

3 


1-1 hr 


8 

o 

1 

1 



11 

o 


1 

1 


12 

1 



1 


15 

1 



1 

Img 

3 

2 

o 



kg 






0.5 mg 

3 

4 



3 1-4 hr 

kg 





(no rcac.) 

Controls 


21 

1 


19 1-4 hr 


- 




(no rear.) 


None = 110 rcnction. 


+ 4- = supprpssod hemorrhagic rcacfioji (1 cm). 

+ + + + = severe liemorrhagie reaction (3-G cm). 
* = Meningococcus filtrate or endotoxin. 


suppression of the Shwarlzman reaction was 
obtained in all 8 of the rabbits tested. Four 
rabbits, of the original 12 started with in this 
group, died during the period of benzol prep- 
aration. 

(4) . Following iVifrogen Mustard. Nitro- 


gen mustard (methyl bis chlorethyl amine hy- 
drochloride) was given in a single injection 
by the intravenous route with doses ranging 
from 0.5-2 .0 mg/kg body weight, from 0-15 
days before injection of the intravenous ' re- 
acting factor. As can be seen from Table II, 
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weeks and routine weekly cultures of both 
were sterile. The endotoxin was slightly more 
potent intravenously but both were found 
equally effective in eliciting severe hemor- 
rhagic reactions in over 90% of the rabbits 
used. The control animals tested in any given 
group of rabbits received the same dose of 
the same substance by the same route as 
the treated animals of that group. The ma- 
jority of the animals received the filtrate as 
the intradermal injection {the skin prepara- 
tory factor) and the endotoxin intravenously 
{the intravenous reacting factor). 

Animals: Male albino rabbits weighing 
2-3 kg were used. The hair on the abdomen 
was removed with electric clippers. No depila- 
tories were used ; no shaving was done. 

Intradermal infections: Intradermal in- 
jections of 0.3 cc of the undiluted meningo- 
coccus filtrate or endotoxin were made in 3 
different areas, the epigastrium, the right and 
left lower quadrants. The primary reactions 
resulting from the intradermal injections usu- 
ally consisted of erythema and varying de- 
grees of edema which would fade gradually 
over a 48-hour period if not followed in 24-48 
hours by injection of the intravenous reacting 
factor. 

Intravenous injections: From 20-26 hours 
after the intradermal injection, 2 cc of the 
undiluted meningococcus endotoxin per rab- 
bit or 2 cc of the undiluted meningococcus fil- 
trate per kg body weight was injected intra- 
venously through the ear vein. A small per- 
centage of the rabbits died within the first 
few hours after this injection from the 
inherent toxicity of the undiluted filtrate or 
endotoxin. Dilution was avoided to insure as 
high a percentage of severe reactions as pos- 
sible. 

Results: The effects of various agents 
were studied to determine their suppressive 
action on the Shwartzman phenomenon. 

Results in Untreated Control Animals. 
Twent 3 ^-one normal untreated rabbits were 
used as controls. Of these, 19 developed 
severe hemorrhagic necrotic reactions measur- 
ing 3 - 6 cm in diameter at all 3 sites of Uie 
intradermal injections. One rabbit of the 21 
was resistant and developed no reaction and 


the other rabbit died at the end of 4 hours post 
intravenous and had no skin reaction at the 
time of death. There was no consistent cor- 
relation noted between the intensity of the 
primary reaction from the intradermal injec- 
tion itself and the severity of the hemorrhagic 
reaction after the injection of the intraven- 
ous reacting factor. 

Results in Treated Animals. (1) The fol- 
lowing reagents emplo 3 ’’ed in near-lethal doses 
exerted no suppressive action on the Shwarlz- 
man reaction; benadryl, (10 mg IV q 3 h), 
urethane, (1 Gm bid subcut, for 1-14 days), 
penicillin G, (500,000 u and 1,000,000 u BI 
daily x 4 days), crude penicillin, (35 cc bid 
X 2 days), streptomycin, (0.5 Gm and 1.0 
Gm daity IM x 4 days), British anti-lewisite, 
(50-100 mg bid subcut), sodium ascorbate, 
(75 mg daily subcut x 10 dav’s), alpha toco- 
pherol, (25 mg subcut daily x 10 da\^s), pro- 
tamine, (20 mg bid IV x 2 days), toluidine 
blue, (20 mg bid IV x 2 da 3 ^s), and maphar- 
sen (13 mg/kg IV 1 inj.). Total th 3 Toidec- 
tomy 3 weeks before the reaction and bleeding 
(30 cc daily x 2 days) also had no suppres- 
sive effect. 

(2) Following Total Body X-ray Irra- 
diation. VTien 13 rabbits were exposed once 
to 800 r total body irradiation 3-7 days be- 
fore injection of the intravenous reacting fac- 
tor there was almost complete suppression of 
the reaction in 7 of the rabbits and complete 
suppression of the reaction in the other 6 
(Table I). One rabbit received a total body 
dose of only 300 r, 3 days before, and showed 
no suppression of the reaction. Two rabbits 
received 800 r total bod}'’ irradiation apiece 
immediately before the injection of the intra- 
venous reacting factor and these likewise 
showed no suppression of the reaction. 

(3) Following Benzol. Benzol mixed 
with equal parts of sterile olive oil, was injec- 
ted subcutaneousl}^ in doses of 1. 0-2.0 cc of 
benzol per kg body weight (2. 0-4.0 cc per 
kg of the benzol-olive oil solution) once dail}" 
for 7-13 da 3 "s before injection of the intra- 
venous reacting factor. The benzol was given 
daily' until the rabbits show'cd outward signs 
of toxicity such as weight loss, refusal of food 
and lethargy. As noted in Table I, complete 
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Don M. Wolfe and Lottie Kornfeld. (Introduced by Herald R. Cox.) 
(With technical assistance of Lois Gallik.) 

From 17.0 Section, of Viral and JHcVettsial Vescarcl,, Lederlc Laboratories Vivision, American 
Cyanamid Company, Fcarl Jiiver, A . r. 


The difficulty of evaluating serodiagnostic 
tests performed on animal serums of various 
species is v/ell known. In complement-fixa- 
tion tests sensitivity is largely sacrificed for 
specificity, and modifications, such as altera- 
tions of the units of complement, varying 
time and temperature of the incubation 
period, have not proved entirely satisfactory. 

Hole and Coombs^ reinvestigated the phe- 
nomenon of conglutination, first described by 
Bordet and Strong," and developed a conglu- 
tinating complement absorption test^ which 
they applied to a study of glanders infection 
in horses.** This test is based on the observa- 
tion that when heat-inactivated bovine serum 
and fresh (unheated) horse, cat or pig serum 
are added to a suspension of sheep red cells, 
the cells clump together, or conglutinate. Bo- 
vine serum plays a dual role by furnishing a 
natural antibody to the sheep cells for their 
sensitization, and also a substance termed con- 
glutinin. The reaction of the antibody and 
sheep cells has the property of absorbing com- 
plement. Obviously, the complement in this 
case must be of a nonhemolytic nature, other- 
wise the sheep cells would be lysed rather 
than conglutinated. Fresh horse, cat or pig 
serum provides such a complement. Thus, 
conglutinin acts on the sensitized cells which 
have also absorbed complement and causes 
them to conglutinate. It is necessary that all 
4 of the above components be present before 
conglutination occurs. In the test proper a 

1 Hole, X. 11., and CooniUs, R. R. A,, d. 71 mt., 
1947, 45, 4S9. 

‘•JRorilft, .T., and fitreng, 0., Zh}» I. 

1909 , 40 , eno. 

SHo!e, X. If., and Comnbs, R. R. A., J. Jlyy,, 
1947, 45, 490. 

* Hole, X. H., and Comnbs, R, R. J, Z/t/f/., 
1947, 45, 497. , 


known antigen and a suspected immune^ serum 
are mixed in the presence of a conglutinating 
complement. Later the conglutinating sys- 
tem (inactivated bovine serum and sheep red 
cells) is added to detect the presence of un- 
absorbed complement. In. this test, conglu- 
tination may be considered analogous to 
hemolysis in the hemolytic complement-fixa- 
tion test. 

In the report which follows, the test was 
applied to Q fever infections in cattle and 
the results were compared with those obtained 
by Iwo widely used technics of the hemolytic 
complement-fixation reaction. 

Technics of the Tests. Conglutinating 
Complemoit Absorption Test {C.C.A.T.) DU- 
uent. Physiological salt solution adjusted to 
pH 7.3 with 0.005 M phosphate buffer was 
used throughout the study. 

Sheep red cell suspension. Defibrinated 
sheep’s blood was stored in modified Alsever’s 
solution."* Before use the cell suspension was 
standardized spectrophotometrically and dilu- 
ted to 0.25%. 

Conglutinin. As mentioned previously, bo- 
vine serum served as the source both of con- 
glutinin and antibody for sheep red cells. 
Routinely bovine serum is titrated for conglu- 
tinin only. Since the sheep cell antibody is 
always much higher in titer, a sufficient 
amount of antibody to sensitize the cells is 
present in the quantity of serum required to 
cause conglutination. 

Conglutinin is not destroyed at ordinary 
inactivation temperatures. It is easily pre- 
served by sealing small volumes in glass am- 
poules and, without adding chemical preserva- 
tives, storing in the CO 2 icebox. For titra- 
tion, the serum is thawed, inactivated for 30 

r* Koiit, .T. F., BukaiUt, C., and Rein, C. R., 
J. 1940, 5R, 37. 



250 


Suppression of Shwartzman Phenomenon 


there was no protection afforded when the 
mustard was given either at the same time 
as the intravenous, reacting factor or when it 
was given on the day of the intradermal injec- 
tion 20-26 hours before the intravenous re- 
acting factor. \\Tien 2 mg/kg of nitrogen mus- 
tard was given 2 days before the intravenous 
reacting factor, there was partial suppression 
of the reaction in 1 rabbit and complete sup- 
pression in the other. When the nitrogen 
mustard was given in doses of 1-2 mg/kg 3-4 
days before» the injection of the intravenous 
reacting factor, the effects of the nitrogen 
mustard became more pronounced and there 
was complete suppression of the reaction in 

14 of the 15 rabbits so treated, with the 15th 
rabbit dying during the first hour after injec- 
tion of the intravenous reacting factor. WTien 
given 8-11 days before, the suppressive ef- 
fect of the mustard was beginning to wane 
and in only one of 4 rabbits was there com- 
plete suppression, in 2 rabbits there was par- 
tial suppression and in I rabbit there was no 
suppression. When given the mustard 12 and 

15 days before the injection of the intravenous 
reacting factor, the rabbits had completely re- 
gained their ability to react and, like the 
control rabbits, had severe hemorrhagic reac- 
tions. When a 0.5 mgAg dose of mustard 
was used, no suppressive effect was noted. 

Dhcussion. It is considered significant 
that the Shwartzman phenomenon of local 
tissue reactivity, even though a non-specific 
reaction, can be completely suppressed by 
nitrogen mustard, benzol, and X-ray, whose 
individual effects on blood-forming organs and 
the reticulo-endothelial system are so nearly 
identical. It is postulated that the mechanism 
of suppression by these agents is exerted 
through their specific but common suppressive 
action on the reticulo-endothelial system, 
primarily the vascular endothelium. These 
endothelial cells being rendered anergic are 
not able to react to the active principles in 
a way that otherwise would be self-destruc- 
tive. 

The Shwartzman phenomenon may then be 
interpreted as a local intracellular defensive 
but self-destructive reaction of the vascular 
endothelium to the bacterial active principles 


and not a reaction resulting from the direct 
toxic effects of these bacterial products on the 
cells. Thus, when the ability of the cell to 
react is interfered with or suppressed in a 
specific ^Yay, as exerted by nitrogen mustard, 
benzol, or X-ray, the integrity of the cell is 
maintained and a destructive process avoided. 

It is suggested that this study provides an 
e.xperimental basis for a new therapeutic con- 
cept in the treatment of diseases involving 
tissue and vascular reacti\dty to kno^vn and 
unknown toxins. This concept would be 
directed toward suppressing the ability of the 
vascular endothelium to react adversely to 
whatever circulating toxin might be the in- 
citing agent, A group of these diseases would 
include active rheumatic fever, acute, suba- 
cute, and chronic disseminated lupus ery- 
thematosus, periarteritis nodosa, generalized 
vascular diseases due to h\’persensitivity re- 
actions to drugs, sera or vaccines, and proba- 
bly dermatomyositis, rheumatoid arthritis, 
and acute and subacute glomerulonephritis. A 
recent case report by Osborne and associates^' 
of the successful response of a case of chronic 
disseminated lupus erythematosus to nitrogen 
mustard would seem to provide confirmatory 
evidence in support of the therapeutic concept 
postulated above. 

Summary. 1. The Shwartzman phenom- 
enon was studied in rabbits using a meningo- 
coccus filtrate and meningococcus endoto.xin. 
2. The following agents were without suppres- 
sive effect on the Shwartzman phenomenon: 
benadryl, urethane, crude penicillin c.xtract, 
penicillin G, streptom 3 xin, mapharsen, BAL, 
vitamin C, alpha tocopherol, thyroideclom}^ 
and partial e.xsanguination. 3. The reaction 
was completely suppressed by pretreatment of 
the rabbits with nitrogen mustard or benzol. 
It was also completeh^ suppressed in some rab- 
bits and partially in others by pretreatment 
with total body X-ray irradiation. 4. It is 
suggested that this study provides an experi- 
mental basis for a new therapeutic concept in 
the treatment of diseases involving tissue and 
vascular reactivity. 

2 r Osborne, E. IX, .Tonlon, J. Ho.'ik, T, C., 
and Pscliicrcr, F. .T., IXm'. Si, 104<. IIW, 

1123. 
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TABLE I. 

Results of C.C.A.T. nnd Complement-fixation Titrations of Positive Q Fever Cattle Serums rvitli 
Q Pever, Murine Typhus and Bickettsinipox Antigens. 

Complement-fixation titers* 


Xo. of 
serums 
tested 


C.C.A.T. titers* 


■Warm-batli method 

Ice-box method 

r' 

Q 

fever 

Murine 

typhus 

Rickett- 

sialpox 

1 

Control t 

Q 

fever 

Control 

Q 

fever 

Control 

1 

1:16 



— 

— 

— 

— 

1:16 

— 

1 

1:64 

— 

— 

1:8 

■ — 

— - 

1:8 

— 

o 

1:64 

— 

— 

— 

— 


1:8 

1:16 


1 

1:128 



— 

1:32 

— 

— 

1:16 

— 

1 

1:128 

'1:16 


1:64 


— 

1:32 

1:8 

1 

1:128 

— 

— 

— 

1:16 

— 

1:64 

— 

o 

1:128 

— 


— 

1:8 

■ — 

1:32 

— 

i 

1:256 

— 


1:8 

1:16 

— 

1:32 

— 

3 

1:256 

— 


— 

1:16 

— 

1:32 

1:64(2) 


1 

1:512 

1:8 


1:128 

— 

— 

1:64 

— 

o 

1:512 

— 


— 

1:4 

1:8 

— 

1:64 

— 

1 

1:512 

1:16 


1:32 

1:8 

■ — 

1:128 

— 

1 

1:512 

— 


— 

1:8 

. — 

1:128 

— 

4 

1:512 

— 

■ — 

— 

1:16 

- — 

1:64(3) 

1:128 

— 

5 

1:512 

— 


— 

1:32 

- — 

1:64(2) 

1:128(3) 

— 

1 

1:1024 

— 


— 

1:16 

, — 

1:256 

— 

2 

1:1024 

— 


— 

1:32 

— 

1:128 

1:256 

— 

3 

1:1024 

' — 


— 

1:64 

— 

1:128 

1:256(2) 

— 

1 

1:2048 

— 


1:16 

1:32 

— 

1:256 

— 


* The liighcst dilution of the serum in which complete, or near-complete (S-j- or 4-|') fixation 
was observed is shomi. 

t The dose of complement used is not always the same for each antigen. Serum controls 
were always tested with the highest dilution of complement used. It is reasonable to assume 
that if a scrum is not anticoinplementary in the presence of a small amount of complement it 
would not be niiticomplemcntary with larger quantities of complement. 


Unbuffered physiological salt solution, and 
2% suspension of red cells are used. Varying 
amounts of amboceptor are titrated in the 
presence of a 1:30 dilution of complement 
for one hour at 37®C. Complement is titrated 
in the presence of 2 units of antigen after fixa- 
tion for the same period of time and tempera- 
ture: 2 units of amboceptor and cells are 
added and a period of one hour at 37°C is 
allowed for hemolysis. Two 'Tull units” of 
complement contained in 0.2 ml are used in 
the lest. 

The test consists of mixing twofold serial 
dilutions of the suspected immune serum with 
2 units of antigen and 2 “full units’" of com- 
plement. Fixation is allowed to take place for 
one hour at 3/“C. The sensitized cells are 
then added and the tubes reincubated for one 


hour at 37°C. All tubes are stored overnight 
at 4 to 6‘’C and readings are made the fol- 
lowing morning. 

Icebox method. This method is similar to 
that described above except that 2 '‘exact 
units” of complement are used and a period 
of 24 hours at 4 to 6°C is allowed for fixation. 
The tubes are read after the addition of the 
sensitized cells, followed by incubation of one 
hour at 37“C. 

In both complement-fixation tests the anti- 
gens were titrated with their respective im- 
mune guinea pig serums. 

On each serum specimen all 3 titrations, the 
C.C.A.T. and the 2 hemolytic complement- 
fixation tests, were performed on the same 
day with the identical dilutions. The C.C.A.T., 
using Q fever, murine typhus and rickettsial- 
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minutes at 56^C and diluted 1:30 with the 
diluent. Graduated amounts are placed in 
tubes, brought to total volumes of 1.2 ml with 
diluent, and complement (0.4 ml of a 1:40 
dilution), and cells (0.4 ml) are then added. 
Following an incubation period of 30 minutes 
at 37'’C, the tubes are centrifuged for a few 
minutes at a low speed. After shaking the 
tubes, the conglutinated cells appear as small 
clumps in a clear supernate. The absence of 
conglutination is evident from the homogen- 
eous suspension of cells: The smallest quan- 
tity of conglutinin giving complete conglutin- 
ation is taken as one unit. Four units, con- 
tained in 0.4 ml, are employed in the test. 

Coiighitinating complement . Fresh horse 
serum, preserved by storing small amounts in 
sealed glass ampoules in the COo icebox, was 
used. Its activity was satisfactory even after 
a period of several weeks. For titration, in- 
creasing amounts of complement (in incre- 
ments of 0,05 ml) of an appropriate dilu- 
tion are added to 0.4 ml antigen, with suf- 
ficient diluent to bring the total volumes to 
1.2 ml. After incubation for 30 minutes at 
room temperature, 0.8 ml of a mixture of 
equal parts 0.25% sheep cells and bovine 
serum (adjusted to contain 4 conglutinating 
units) is added to each tube. Following a 
30 minute incubation period at 37^C the tubes 
are centrifuged, shaken and read. The small- 
est amount of complement giving complete 
conglutination is taken as one unit. Two 
units, contained in 0.4 ml, are employed in 
the tests. 

Antigens. The Q fever antigen, consisting 
of washed, formalinized suspension of the 
American IMine Mile strain of Coxtella bur-- 
netiij was prepared according to the method 
described by Plotz® but with certain modifi- 
cations, the' details of which have been pre- 
sented elsewhere.” The antigens of Rickett- 
sia typhi (murine t>q 5 hus) and Rickettsia 
(rickettsialpox) were similarly prepared 
and used to control specificity. These two were 
used because at the time they were the onlj^ 
washed rickettsial bod y antigens available. 

c Plotz, H., Science, 1943, 07, 20. 

7 Wolfe, I>. Kornfcld, L., nnd Cox, H. It.. 

to be piiblislicd. 


The 3 antigens were originally titrated with 
their respective immune guinea pig serums. 
The Q fever antigen was also titrated with 
a positive bovine serum which gave titers 
comparable to those obtained with the guinea 
pig serum. 

The “optimal” antigen dose must be used 
with the C.C.A.T. because of the tendency for 
prozone reactions. This dose was determined 
by cross titration of various dilutions of the 
antigen in the presence of various dilutions 
of the immune serum. The smallest amount 
of antigen showing maximal conglutination 
titers, without demonstrating prozones, is the 
-optimal dose. 

Sennns. Immune serums from 34 Q fever 
infected cattle were obtained through the 
courtesy of Df. R. J. Huebner of the National 
Institute of Health, Bethesda, Md. 

Technic of the C.C.A.T. Twofold dilutions 
of the inactivated serum to be tested are pre- 
pared. Two units of complement and the 
optimal antigen dose are added and the tubes 
incubated at room temperature for 30 min- 
utes. After the addition of the conglutinat- 
ing S 3 ’’stem the tubes are incubated at 37‘’C 
for an additional 30 minutes. The tubes are 
then centrifuged and read. Appropriate con- 
trols for. the test serum, antigen and comple- 
ment are always included. 

In the original technic of Hole and Coombs^ 
0.4 ml of each test component was used, thus 
making a total volume of 2.0 ml per tube. In 
the present study one-half these volumes were 
used and no interference with tlie sensitivity, 
specificity or the reading of the results was 
observed. Also, preliminary trials indicated 
that the results were equally’' satisfactory when 
stored cells and buffered diluent were used, 
instead of the fresh cells and unbuffered physi- 
ological salt solution suggested in the original 
method. 

Hemolytic Complement-Fixation Methods. 
Two methods were used, the so-called warm- 
bath method, suggested by Huebner.^ and 
the icebox method. 

W arm-bath method. Test components: 
serum, antigen, complement, amboceptor and 
fresh sheep red cells in 0.2 ml quantities each. 

Sllurbner. K. J.. jK'r5onnl conimunic*;itioM. 
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to the C.CJ^.T. show titers from 4 to 8 times 
higher than those obtained with the icebox 
complement-hxation method, and these in 
turn are from 4 to 8 times higher than those 
given by the warm-bath method. A similar 
picture is noted in Table II with human and 
guinea pig Q fever immune serums. Here, 
however, the differences in titers are of an 
order of from 2 to 4 times greater rather than 
4 to 8. This apparently greater increase in 
sensitivity when testing cattle serum is, as 
yet, unexplained. 

The question arises whether the use of 
cattle serum, as source of the immune body, 
causes irregularities in the results of the 
C.C.A.T. One would expect that conglutinin 
and normal antibodies for sheep cells intro- 
duced in excess of the standard amounts would 
tend to lower the antibody titer rather than 
cause the observed increase. Normal sheep 
amboceptor probably was present in the 
serums studied but no attempt was made to 
adjust the amount of amboceptor employed 
in the test. It is doubtful whether any con- 
glutinin persisted until the date of toting 
since storage conditions are unfavorable for 
that particular component, and bearing in 
mind its relatively low titer (1:40 or 1:48), 
dilution of the serums beyond that point un- 
doubtedly removed any effects which may be 
attributed to the introduction of additional 
conglutinin into the reaction mixture. 

It is noteworthy that the titers of the Q 
fever, rickettsialpox and murine typhus anti- 
gens, as determined by the icebox comple- 
ment-fixation method, were 1:32, 1:32 and 


i:16 respectively, while the ^‘optimal'' C.C. 
•A.T. titers on the same antigens were 1:120, 
1:4 and 1:4 respectively.. The Q fever anti- 
gen titer of 1:120 was determined with both 
bovine and guinea pig immune serums. 

From the icebox complement-fixation re- 
sults obtained with the Q fever negative-Bru- 
cella negative cattle serums (Table III) it 
would seem possible to adopt lower limit of 
test significance, f.c., a positive result exhibi- 
ted in serum dilutions only as high as 1:8 
would not be considered significant. But the 
inadvisability of imposing such an arbitrary" 
limitation is demonstrated the higher titers 
offered by the Q fever negative-Brucella iK)si- 
tive serums (Table III), 

The data presented indicate that the Q 
fever conglutinating complement absorption 
test may prove superior, both in sensitivity 
and in specificit 3 \ to either of the hemohi:ic 
complement-fixation tests emplo\'ed to date. 
It is realized that numerous specimens of 
serum, from cattle suffering from infections 
otlier than Q fever and Brucellosis should be 
examined before placing too much confidence 
in the results of the C.C.A.T. Such a stud\^ 
is now being undertaken and serums of goats, 
sheep, swine, dogs and horses will be included. 

Conclusions, Preliminary studies in test- 
ing Q fever immune bovine serums indicate 
that the conglutinating complement absorp- 
tion test is both more sensitive and more spe- 
cific than are either the warm-bath or icebox 
methods for carr>nng out hemolytic comple- 
ment-fixation tests. 
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TABI/E 11 

Results of C-C.A.T aM Complenient-fi.xation Titrations 'of Positive Q Fever Human and Guinea Pie 
■ — Se rums With Q Fever, ^Murine Typhus and Rickettsialpox Antigens. ^ 

Complemcnt-lixation titers 



Lowest 

serum 


C.aA.T. titers 


Warm-bat li 
method 

rcel>ox 

method 

-Serum 

dilution 

tested 

Q 

fever 

Murine 

typhus 

Rickett- 

sialpox 

Control 

' Q 

fever 

A 

Control 

"q 

fever 

Control 

Human 1 

J > o 

3 

4 

5 

G 

Guinea pig No. 3 
Nine-Mile 

1:8 

1:1024 

1:256* 

1:512 

1:512* 

1:1024* 

1:256 

1:2048 

1:128 

1:128 

1:128 

1:S 

1:16 

1:8 

1:8 

1:64 

1:64 

1:32 

1:256 

1:32 

1:512 

1:8 

1:64 

1:128 

1:128 

1:64 

1:512 

1:128 

1:1024 

1:32 

Guinea pig No. 39 
Nine-Mile 

Guinea pig No, 5 
Nine-Mile 


1:2048 

1:2048 

— 

— 

— 

1:512 

1:512 


1:1024 

1:3024 

— 

Guinea pig 
Henzerling 


1:2048 

— 

— 

1:32 

1:512 

— 

3:1024 

— 


* Prozone. 


TABLE III. 


Results of O.G.A.T. and Complement-fixation Titrations of Scrums from Cattle Ifaving No Kno^ni 
Contact with Q Fever, Murine Typlms, Q Fever and Rickettsialpox Antigens. 



No. 

serums 

tested 


C.C.A.T. titers 


Complement-fixation titers 

Warm-batb Ice-box 

method method 

Serum 

Q 

fever 

ilurine 

typhus 

Rickett- 

sialpox 

Control 

^ 

Q 

fever Control 

Q 

fever 

Control 

Brucella 

o 

— 

— 


— 

— — . 

— 

— 

negative 

G 

2 

— 

— 


— 

— — 

1:4 

3:8 

i: 

Brucella 

3 

— 

— 

— 

— 

— — 

1:8 


positive 

3 

— 

— 

— 

— 

— 

1:16 



1 

— ; 





1 :32 




pox antigens, and the 2 types of hemolytic 
complement-fixation tests, using Q fever anti- 
gen only, were performed on human, guinea 
pig and cattle serums. With the C.C.A.T. 
pools of normal human serums, human syphi- 
litic serums and normal guinea pig serums 
(all used in dilutions of 1:4) were negative 
with the 3 antigens. Murine typhus and rick- 
ettsialpox guinea pig serums, tested with their 
respective antigens, gave titers comparable to 
those obtained with the icebox method for 
complement fixation test. 

Discussion oj Results. Considering the 
results of the Q fever conglutinating comple- 


ment absorption test from the point of 
specificity, it is seen from the data shown in 
Tables I and II that, unless also anticomple- 
mentary% no Q fever immune serum (cattle 
or otherwise) reacted with the murine typhus 
or rickettsialpox antigens. Of the 17 serums 
obtained from cattle having a negative history 
of Q fever (Table HI), none were positive 
when examined by the C.C.A.T. 

It will be noted from the data summarized 
in Table I that with the positive Q fever 
cattle serums the order of increasing sensitivi- 
ty is: the warm-bath method, the icebo.v 
method, and the C.C..A.T. Scrums submitted 
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Serum Neutralizing Antibodies to the Infecting Strain of Virus in Polio- 

myelitis Patients.^t 

W. jMcD. Hasimon and E. C. Roberts. 

From the George Williams Hooper Foundation for Mcdieal Fcscarcli, VnivcrsiUj of CaUformo, 

San Francisco f Calif, 


There has l^een very little satisfactory 
data collected regarding the development 
of specific neutralizing antibodies in human 
patients during an infection with one of the 
poliomyelitis viruses. Tests applied to con- 
valescent or acute and convalescent sera, 
have usually been made with any convenient 
laboratory-adapted strain of " virus. In most 
instances, workers have failed to demonstrate 
rising antibody titers, such as those encoun- 
tered in many other virus infections, and fre- 
quently antibody has been found in high titer 
during the acute phase of the disease. These 
unusual and unexpected findings have been 
attributed usually to: (1) suspected changes 
in the virus strain, which might have occurred 
during adaptation to a laboratory animal, 
(2) the possibility that infection was due to 
a virus antigenically distinct from that used 
for the test, and (3) the possibility that the 
substance or substances responsible for neu- 
tralization are of a non-specific nature. 

To our knowledge, only two instances have 
been reported in which a virus has been iso- 
lated from a patient and the same virus used 
to test the acute and convalescent phase sera 
of that patient for antibodies.^*- In both 
instances the test was qualitative and served 
only to indicate roughly the presence or 
absence of antibody. The results were inter- 
preted as indicating that in the acute stage, 
antibody was absent. Antibody was definitely 
present in the later specimen in the one in- 
stance," but the results of the test on the 

♦Aided by a grant from the National Founda- 
tion for Infantile Paralysis. 

f We wish to acknowledge the assistance of 
W. N. 2dack, B. G* Givens, and C, B. Harms in 
performing these exiieriuieuts. 

1 Trask, J. D., and Paul, J. B., X Fxp, Hed„ 

1933, 531* ^ 

3 Sabin, A. B., J.dM.A., (June 28), 1933, <49. 


convalescent specimen were considered equiv- 
ocal in the other.^ 

Beginning 4 years ago, serum specimens and 
stool specimens were collected from a series 
of paralytic patients from various parts of 
California, A large series of viruses was iso- 
lated and monkey adaptation attempted, but 
unfortunately, most of the viruses had a low 
degree of pathogenicity for monkeys and could 
not be satisfactorily adapted to give clear-cut 
results in neutralization tests. At the pres- 
ent lime, after using over 200 monkeys, tests 
of a reasonably satisfactory nature have been 
completed on the sera from 7 patients. Since 
the results are fairly consistent they are be- 
ing reported at this time. Tests are now in 
progress on sera from other patients. 

Methods, After isolation of a virus from 
feces, it was passed in monkeys as a 20^ 
cord suspension, or 10-foId concentrate there- 
of, for not less than 3 passages, or until most 
of the inoculated monkeys developed paraly- 
sis. At this time, except in the earliest ex- 
periments, a pool of 20% cord suspension 
from several monkeys was concentrated in 
the ultracentrifuge to approximately one- 
tenth of its original volume and frozen in dry 
ice in a series of ampoules. Two or 3 mon- 
keys were then inoculated with a mixture of 
an equal quantity of normal monkey serum 
and this frozen virus suspension. This mix- 
ture had been incubated one hour at 37‘’C, 
then overnight at 5°C,* the predetermined con- 
ditions of the neutralization test to be per- 
formed later. If all monkeys became para- 
lyzed, the virus ^vas considered to be ade- 
quately adapted for the neutralization test. 

A number of viruses had to be discarded, after 
numerous tests showed that paralysis did not 
develop consistently. 

Following the preliminary assay of patho- 
genicity, the virus w’as tested wdth each of 2 
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or 3 sera from the patient, together with other 
controls of normal monkey serum. The serum- 
virus mixtures were incubated as described 
above, and finally inoculated intracerebrally 
in monkeys using 2, 3, or 4 monkeys for each 
serum-virus mixture. The total volume inocu- 
lated was usually 1.0 cc, but in a few in- 
stances 1.5 cc was used. Development of 
clinically observable paralysis and of typical 
pathologic lesions was used as a criterion of 
failure to neutralize. Monkeys not observed to 
have paralysis were considered negative and 
were not sacrificed for sections. Such monkeys 
were considered to have been ^'protected”. 
Acute phase sera from the first 3 patients ap- 
peared to neutralize the virus. The tests were 
repeated and the results confirmed. However, 
in doing so one serum from each series was 
either used completely, or was lost through 
an accident. Thus serial dilutions of sera could 
not be performed, although it became obvious 
at this time that with antibodies present at 
the onset, such a method must be employed, 
if possible differences in titers were to be 
demonstrated. In the last 4 cases, serial 5- 
fold dilutions of serum were tested against 
the concentrated virus suspensions. In order 
to save monkeys, the sera were usually tested 
first in a 1:3 or a 1:5 dilution, since undiluted 
sera in earlier tests had always protected. 
Normal monkey serum controls were made at 
the lowest serum dilution used for the human 
sera. 

Results, In the first 3 cases, children w’ith 
spinal paralytic types of infection, ages 3 to 
9, the undiluted acute phase sera taken on the 
2nd, 4th and 6th days after onset neutralized 
the virus as did the convalescent sera. Not 
less than 4 monkeys were employed for each 
acute phase serum. Table I presents the re- 
sults of the last 4 cases, showing age of pa- 
tient, type of paralysis, number of days after 
onset of illness when each serum was drawn, 
and the paralysis ratio of monkeys inoculated. 
The first serum was frequently drawn before, 
or at the time of onset of paralysis, usually 
on the same day as the stool specimen from 
which the virus was isolated. This generally 
corresponded to the first or second day of 
hospitalization. 
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Discussion and conclusions. In every in- 
stance the acute phase serum gave practically 
complete protection to all monkeys against 
a 20% monkey cord suspension which had 
usually been concentrated 10-fold by ultracen- 
trifugation. A larger series of patients may 
show some without this titer of antibodies at, 
or before the onset of paralysis as did a group 
we reported who appeared to have been in- 
fected ^Yith a Lansing-like strain,^ but among 
this group of 7 patients, ranging from 2 to 
16 years of age, antibodies were definitely 
present either before infection or had already 
developed by the time of onset of paralysis. 

The method of using serial 5-fold dilutions 
against a constant amount of virus, employed 
in the last 4 cases, appears to be satisfactory 
for this type of study and continued tests of 
this nature should afford important immuno- 
logic data on poliomyelitis. We realize that 
it would have been desirable to have known 
the titer of virus used in each instance, but we 
were influenced by consideration of the num- 
ber of monkeys involved. It is obvious, how- 

3 Hammon, W, lIcD., and Izumi, E. M., ProC. 
Soc. Exp. Biol, a.vo iTEo., 19i2, -10, 424. 


ever, from the results with serial serum dilu- 
tions, that the titer of virus used was neither 
in excess nor insufficient for the information 
sought. 

Among the 4 cases in which serum titra- 
tions were made there is an apparent increase 
in antibody titer by the 45th, 74th and SOlh 
days,^ but no definite rise in titer is apparent 
in the one case tested on the 24th day. In 
one instance the demonstrated increase in 
titer was only 5-fold, but in the others (he 
increase was 25-fold or greater. It becomes 
apparent, therefore, that in poliomyelitis,- as 
in most other virus infections, an increase in 
neutralizing antibodies usually develops as a 
result of infection. This finding encourages 
one to believe that a lype specific serological 
test for this disease would have practical ap- 
plication. The frequent presence of specific 
antibody at readily detectable levels at the 
onset of paralysis or at the time of hospitaliza- 
tion lends further evidence against the pos- 
sible usefulness of serum therapy, and possibly 
even serum prophylaxis. Obviously the 
results of these tests on man carry far more 
weight than tests on monkeys and chimpan- 
zees following artificially induced infections. 
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Hyaluronidase Inhibitors in Body Fluids in Normal and Disease States. 


John K. Fulton, Stanley Marcus, and WiLLiAar D. Robinson. 
(Introduced by IV. J. Nuhgester.) 

From the Department of Internal Medicine anti the Ilackham 'Arthritis Ilcscurch Fnit,* Medical 
School, Vniversity of Michigan, Ann Arbor, 


Because of the probable relationship of 
hyaluronic acid to the formation and integrity 
of connective tissues, a relationship between 
hy'aluronic acid metabolism and a large group 
of connective tissue diseases has been sus- 
pected particularly in the case of rheumatic 
fever, rheumatoid arthritis, and disseminated 


* The Rackliam Arthritis Research Unit is sup- 
orted by a grant from the Horace H- Rackliam 
chool of Graduate Studies of the University ot 
ticliigau. 


vascular disease.- The technical problems in- 
volved and the conflicting evidence whicli has 
been forthcoming have been e.\tensively re- 
viewed by J^Ieyer.^ 

This report deals with attempts to relate 
this group of diseases to hyaluronid;ise activi- 
ty, and, more significantly, wdih the apparent 
association of many malignant states in 
humans with disturbances of hyaluronidase in- 
hibitors in the sera of such patients. 

I 3Ieyer, IC, FhysioL Ilcv., 19 - 4 /, 12 «, 335. 
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Method. The method used depends on 
the observation of Seastone^ that capsules of 
a group C streptococcus isolated from guinea 
pigs consist largely of hyaluronic acid and 
that hyalutonidases from a variety of sources 
exert a destructive effect on the capsule which 
is a function of time and enzyme concentra- 
tion. 

This principle has been utilized previously 
by McClean^ for in vivo studies. In a dis- 
cussion of methods for hyaluronidase estima- 
tion j\Ieyer^ has stated that the decapsulation 
method is unsatisfactory because of spontan- 
eous decapsulation of the test organism. 

The technic as now modified has proved 
to be free of this objection. It offers a highly 
sensitive method for quantitative assay of 
hyaluronidase concentrations in the range be- 
tween .001 and .0001 viscosity reducing unit 
per cc. Since turbidity or viscosity of the 
test materials do not interfere, the method is 
particularly adaptable to comparative studies 
of hyaluronidase inhibitors in serum and 
other body fluids in normal and disease states. 

The organism is maintained by daily trans- 
fer on rabbit blood agar plates. Only well 
isolated, large ( 1 mm diameter) mucoid colo- 
nies are fished for subculture to agar or broth. 
After overnight incubation, these surface colo- 
nies may reach as much as 3 mm diameter, 
and are soft, mucoid, and hemolytic. Blood 
agar cultures over 24 hours old are not suit- 
able for transplanting to serum broth. 

A heavy inoculum, consisting of from 5 to 
10 large well isolated, mucoid colonies, is 
transferred to a tube of Difco Brain Heart 
Infusion broth enriched with 10% sterile 
heated (56"* C/20 minutes) hog serum. The 
culture is incubated at 37°C for 4 to 6 hours. 
After incubation the culture tubes are centri- 
fuged at high speed for 5 to 10 minutes, and 
the sediment resuspended in 2 to 3 cc of 
M/15 phosphate buffer, pH 6.5. This is the 
indicator suspension of encapsulated organ- 
isms. It is to be emphasized that in a prop- 
erly prepared suspension every streptococci 
chain is heavily encapsulated. 

As Seastone found, capsules are better pre- 

JiScaatouc, C. V., J. Exp. Med., 1939, 70, 3G1. 

3 McClouu, B., J, Path, and Pact,, 1912, 54, 2S4. 


served during drying and fixing in the pres- 
ence of blood or serum. This step can be 
eliminated by coating slides with a thin coat 
of Mayer^s egg albumen before dropping loop- 
fuls of bacterial suspension on them. The 
slides are then dried in air and stained with 
Wright’s stain by the usual technic. 

The enzyme used in these studies was a dried 
testicular hyaluronidase assaying 230 VRU/ 
mg, supplied to us by Drs. VonderHeide and 
Rodney of the Parke-Davis Research Labora- 
tories. A single batch has been used through- 
out these studies. However, other preparations 
from the Schering Laboratories gave compara- 
ble results. 

To study enzyme inhibition 0.2 cc of en- 
zyme containing 1.0 VRU/cc and 0.1 cc of 
the serum or its serial dilutions were added 
to oven-dried 13X90 mm tubes. Racks were 
shaken and then 0.1 cc of organism suspen- 
sion was added to the tubes. Inhibition was 
expressed as the highest dilution of serum 
inhibiting the decapsulation of the test organ- 
ism for 90 minutes. 

Rhemnatic Disease. Guerra**^ has reported 
that salicylates are capable of inhibiting the 
spreading action of hyaluronidase in skin. 
Using concentrations of buffered sodium sali- 
cylate from 5 to 100 mg%, no inhibition of 
hyaluronidase was demonstrable. (Table I) 
Inasmuch as Meyer^ has described a gentisic 
acid conjugate of salicylate in urine capable 
of inhibiting hyaluronidase, the urine and 
serum of patients taking large doses of salicy- 
lates were tested for hyaluronidase inhibitors. 

TABHE L 

Inhibition of Testicular Hyaluronidase in vitro. 

Each tube: Enzyme 0.2 cc 1.0 VBU/cc 
Organism susp. 0.1 ce 
Prug 0.1 cc 



Cone, of drug mg % 

Sod- salicylate cone. 

100 50 

25 

5 

Inhibition obtained 

Para amino benzoic 

0 0 

0 

0 

acid cone. 

50 

25 

5 

Inhibition obtained 

Gold sod. thiosulfate 

0 

0 

0 

cone. 

1.0 0.5 

0.25 

0. 

Inhibition obtained 

0 0 

0 


Guerra, E., Science, 1946, 103, 686. 

SMoyor, K., and Kagan, C., Feti. Proc., 104S, 
7, 173. 
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TABLE II. . 

Tiillibition of Testicular Hyaluronidase by Body 
riuids Before aud After Oral Sodium Salicylate, 




Dilution of body fluid 



1:1 

1:5 

1:10 1 

:20 

Normal serum 

+ 

4- 

0 

0 

Normal serum 

after sod. sal. 

+ 

+ 

0 

0 

Normal urine 

0 

0 

0 

0 

Urine after 

sod. sal. 

0 

0 

0 

0 


Time: 90 min. 

Cone, of enzyme 1.0 VjRU/cc. 
= capsules present. 


(Table II) In the case of urine no inhibitor 
capable of inhibiting 1 .0 unit per cc of enzyme 
could be found, indicating that in therapeu- 
tically occurring concentrations salicylate con- 
jugates presumably present in urine had no 
significant inhibitory effect on this reaction. 

In serum, which normally contains hyalur- 
onidase inhibitor, no increase could be pro- 
duced by the ingestion of salicylates (Table 
II). These observations, therefore, confirm the 
observations of Pike® and Dorfman"^ and co- 
workers, who were unable to demonstrate 
hyaluronidase inhibition in vitro unless con- 
centrations of salicylate of 2 g% were used. 

Similarly, gold sodium thiosulfate and para 
aminobenzoic acid, drugs wth an apparent 
influence on the course of certain connective 
tissue diseases, were without effect in pro- 
ducing enzyme inhibition when employed in 
therapeutically occurring blood serum con- 
centrations. (Table I). 

The presence of hyaluronidase inhibitor 
in normal serum has been described by several 
observers, but few quantitative observations 
have been made in disease states. Haas® 
described an inhibitor in the sera of normal 
and diseased individuals. However, there 
were no distinct differences between rheumatic 
fever and several other diseases listed. The 
inhibitor substance was about equally active 
against like amounts of pneumococcus type 
VI hyaluronidase and bovine testicular ex- 
tract. 

cpike, E. M., Science, 1947, 105, 391. 

TDorfmau, A., Ecimers, E. J., and Ott, M, L., 
Proc. Soc. Exp. Biol, and Med., 1947, 04, 357. 

8 Haas, E., J. Eiot. Chenu, 1946, 03, 103. 


Friou and Wenner® were unable to find, 
such inhibition of testicular hyaluronidase 
using the mucin clot prevention method, but 
found inhibition of streptococcal hyaluroni- 
dase in rheumatic fever, post-streptococcal 
convalescents as well as many normals. It is 
apparent from a perusal of this data that the 
inhibitor described was not the same as that 
which we have found, differing in the follow- 
ing characteristics; 1. The inhibitor described 
by Friou was not present in all sera, being 
absent from many normal sera. In our 
studies all sera have been inhibitory^ to some 
extent, although the variation among normals 
is marked. 2. The inhibitor was active against 
streptococcal hyaluronidase and inactive 
against hyaluronidase of testicular origin. In 
our studies the inhibitor was demonstrably 
active against testicular hyaluronidase as well 
as streptococcal enzyme. 3. The inhibitor 
was present in preserved sera as much as 10 
years old and did not appear to decline in 
fresh sera on storage for 1 month. The in- 
hibitor with which we deal is destroyed by 
heating to 56°C for 20 minutes and will 
disappear gradually in refrigerated sera within 
a few weeks. Inasmuch as the mucin clot 
prevention technic used by Friou requires 
relatively large amounts of substrate and en- 
zyme, it is possible that the inhibitor present 
in all fresh sera toward testicular hyaluroni- 
dase was masked by its relative insignificance. 

With these differences in mind, it is there- 
fore proper to consider the testicular hyalur- 
onidase - antihyaluronidase in a new rela- 
tionship. As can be seen from the scatter 
diagram (Fig. 1) sera of various normal in- 
dividuals of either sex vary widely in their 
ability to inhibit varying concentrations of 
testicular hyaluronidase. Since the same 
quantities of untreated serum, buffer, and 
bacterial substrate were present In each tube, 
these variations cannot be accounted for by 
variations in salt- 'concentration. It is clear 
that any conclusiarts relative to the type of 
hyaluronidase inhibitors discussed here, in 
normal as compared to disease states must 


D Friou, G. J,, aiitl Wemier, If. A., In/cct. DU, 
1947, 80, 185. 
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Fig. 1. 

Relative testicular liyaluronidase inhibition by 
normal and disease sera. 

take into account the wide range q£ normal 
variation. 

When the sera of 4 active rheumatoid arth- 
ritis sera and 2 active and convalescent rheu- 
matic fever sera were tested during the same 
test run with the group of 17 normals, they 
fell within the normal range. Because of the 
known instability of the inhibitor in stored 
sera, no attempt could be made to compare 
the sera of an active rheumatic fever patient 
with the same patient^s convalescent serum 
weeks later. It seems evident that if changes 
do occur during the convalescence they are 
not outside the normal variation, which in 
itself remains unexplained. We, therefore, do 
not find evidence that either rheumatic fever 
or rheumatoid arthritis are typified by a clear 
cut disturbance in the particular hyaluroni- 
dase inhibitor with which this reaction is con- 
cerned. 

Malignancy. Hyaluronic acid has been 
isolated from malignant tumors by Kabat^® 

Kabat, E. A., J. l^ioL Cht uUf 1939, 130, 143. 


and by Meyer and Chaffee.^^ The presence of 
spreading factors (? hyaluronidases) in ex- 
tracts of many animal and human tumors has 
been reported by Duran-Reynals.^^ The for- 
mation of spreading factor by malignant tissue 
has been regarded by Boyland and ^IcCiean^^ 
as the cause of the greater permeability of 
such tissue to nutrients. 

On the basis of the unpublished observa- 
tion of Rodney^^ that in Brown-Pearce car- 
cinoma of rabbits a sharp rise in the titer of 
hyaluronidase inhibitor was detectable viscosi- 
metrically in the sera of such animals, 24 sera 
of patients with a wide variety of malignan- 
cies both early and advanced and including 
leukemia and Hodgkin’s disease were tested 
comparatively for hyaluronidase inhibitors 
with the same group of 17 control sera. As can 
be seen in the scatter diagram (Fig. 1), there 
is a statistical tendency for the cancer sera 
to show much greater inhibition under iden- 
tical conditions. A few of the cancer sera 
show no characteristics which would distin- 
guish them from normal sera, a few others are 
borderline, and some are markedly inhibitory. 
Since these observations have covered a rela- 
tively small group of normal, malignant, and 
other disease states, no conclusion can be 
drawn as to the exclusiveness of this property 
of excess inhibitor content for malignant sera, 
except to state that to date no other diseases 
studied have shown it. 

Since testicular hyaluronidase was used 
throughout, to which no antibodies have been 
demonstrated, there is no evidence that an 
antigen-antibody reaction is involved, and 
the thermolabile nature of the inhibitor would 
suggest that it is not an antibody. The lack 
of differentiation between rheumatic states 
and normals would further suggest that the 
reaction is distinct from that described by 
Friou. 

Conclusions. 1. A reliable biological method 

11 Meyer, K., and Chaffee, E., Proc. Soc. Exp. 
Biol. xsr> Med., 1939, 42, 797. 

1-^ Buran-Reyiials, F., and Stewart, F. Am. 
J. Cancer, 1931, 15, 2790. 

13 Boyland, F., and McCIeun, B., J. JPath. and 
Bact., 1935, 41, 553. 

u Rodney, G., personal communication. 
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for the quantitative assay of small quantities 
of hyaluronidase or hyaluronidase inhibitor 
in the presence of body fluids is described. 

2. Presumably, the conjugates of salicy- 
lates’as well as salicylate itself in therapeutic 
concentrations have no inhibitory effect on 
testicular hyaluronidase hi vitro. 


3. Thermolabile hyaluronidase inhibitor 
has been found increased in a significant pro- 
portion of the sera of human malignancies in 
a small series studied. 

4. Rheumatic states do not differ from the 
normal with respect to this inhibitor toward 
testicular hyaluronidase. 
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Calcification of Hypertrophic Epiphyseal Cartilage in vitro Following 
Inactivation of Phosphatase and Other Enzymes,^ 

J. Waldatan. (Introduced by F. C. McLean.) 

From the Department of Fliysiology, Xhc University of Chicago, 


Mineralization of hypertrophic epiphyseal 
cartilage in vitro, first demonstrated by Ship- 
ley,^ requires concentration of calcium ions 
and phosphate ions in excess of a critical ion 
product, assumed to approximate the solubili- 
ty product of a calcium phosphate salt. The 
concept of calcification solely as a precipita- 
tion phenomenon, however, fails to account 
for the specific localization of the mineral. 

Robison- demonstrated phosphatase in 
hypertrophic epiphyseal cartilage and 
achieved calcification by addition of phos- 
phoric ester in minute amounts to media of 
subcritical ion product. Robison^ regarded 
the local factor as possibly enzymatic since 
calcification in vitro had not been observed 
in tissues heated beyond 60°C, nor after com- 
plete inhibition of phosphatase by various 
chemical agents. 

* This ^York has been supported in part by re- 
search grants from the Division of Research 
Grants and Fellowships of the National Institute 
of Health, TJ. S. Public Health Service; from the 
Josiah Macy, Jr. Foundation; and from the 
Williams-Waterman Fund of Research Corpora- 
tion. 

1 Shipley, P. G., Bull Johns EopJcins Hosp.y 

1924, 35, 304. ^ ^ ^ 

2 Robison, R., Biochem. J., 1923, 17, 280. 

3 Robison, R., and Rosenheim, A. H., Biochem, 
J,, 1934, 28, 684. 

» Gutman, A. B„ Warrick, F. B., and Gutman, 
E. B., Science, 1942, 05, 461. 


Gutman and co-w’orkers^ demonstrated 
phosphorylative glycogenolysis in hypertro- 
phic epiph>^eal cartilage and have contended 
that calcification in vitro utilizes this enzj^me 
system. On the other hand, IMcLean et al,^ 
have found little correlation of anaerobic gly- 
colysis with calcification. 

The present study was undertaken to de- 
termine whether or not enzymes are necessarj' 
for in vitro calcification. 

Procedure, Slices of epiphyseal cartilage 
were taken from the long bones of young rats 
made rachitic on a modified diet 2965 of 
Steenbock and Black,® and were subjected to 
varied preliminary treatment. The slices 
were then incubated approximately 18 hours 
at 37°C in isotonic media containing known 
amounts of calcium and phosphate at pH 7.4. 
Following incubation the tissues were w’ashed 
in distilled water and stained with 2% silver 
nitrate. E.\perimen ts were designed to com- 
pare calcification in inorganic phosphate with 
calcification in phosphoric ester (sodium 
glycerophosphate). In addition, extracts of 
epiphyseal cartilage were prepared and were 

3 McLeau, F. C,, Liptoit, M. A., Barron, K. S. G., 
and Bloom, W., unpublished data cited in The 
Biological Action of the Vitamins, University of 
Chicago Press; Chicago, 1942, ]>. 197. 

cHess, A. F., Weinstock, H., Rivkin, H., ;uid 
Gross, J., Pboc. Soc. Bxi\ Biou a.s*i> JIko., 1929, 
27, 140, 
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analyzed for phosphatase activity by the 
method of Huggins and TalalayJ 
Results, Incubation of slices in silver 
nitrate c. 1:1000 for one hour, followed by 
washing in distilled water for one hour, caused 
complete inhibition of calcification in phos- 
phoric ester substrate. On the other hand, 
heavy calcification was observed when simi- 
larly treated slices were incubated in inorganic 
phosphate substrate. Untreated control slices 
calcified heavily in both media. Phosphatase 
activity of cartilage treated with silver nitrate 
was nil. 

Similar results were observed when bi- 
chloride of mercury (c. 10"- molar) was used 
as the inhibiting agent. 

Incubation of slices in distilled water for 
one hour at constant temperatures ranging 
from 25° to 100°C (at 5° intervals) revealed 
that calcifiability in phosphoric ester substrate 

'* Huggins, C., and Talalay, P., J. Biol. Chevi., 
1945, 159, 399. 


was lost above SO'* to 55°C as determined by 
subsequent incubation. Similarly, phospha- 
tase activity decreased as the temperature in- 
creased, and was nil in tissues heated above 
60° C. On the other hand, when inorganic 
phosphate substrate was used, calcification 
occurred in all tissues including those that 
had been boiled. In tissues heated above 
65°C calcification was found to depend on a 
high concentration of medium: thus it was 
observed in media containing 1 m^I calcium 
and 20 m^I phosphate per liter, but it was 
absent when the phosphate concentration was 
less than 10 m^M per liter. 

Couclusious. 1. Calcification of hyper- 
trophic epiphyseal cartilage in vitro is in- 
trinsically non-enzymatic. 2. The phos- 
phorylase and phosphatase systems in hyper- 
trophic epiphyseal cartilage may have sup- 
plementary roles in the calcification mechan- 
ism, but they are not essential to the localized 
deposition of bone mineral. 


16685 P 

Aureomycin in Treatment of Pneumococcal Pneumonia and 
Meningococcemia.* 

Harvey Shields Collins, Tom Fite Paine, Jr.! and IMaxwell Finland. 

From the Tliomdil'c ^e7)ionol Laboratory^ Second and Fourth Medical Services (Sarvard), 
Boston Citi/ Btospital, a7id the BepartTnent of McdicinCf Rarvard Medical School, Boston, Mass. 


Aureomycin is a new antibiotic which is 
active hi vitro and in experimental animals 
against gram-positive and gram-negative bac- 
teria and is also effective against experimental 
infections with rickettsias and with viruses of 
the psittacosis lymphogranuloma venereum 
group.i The findings in 4 cases of pneumo- 
coccal pneumonia and in one case of meningo- 
coccemia are presented here briefly. The bac- 
teriologic methods are described elsewhere.'-- 

The cases of lobar pneumonia were of 
moderate severity and a single lobe was in- 

* Aided by a grant from the United States 
Public Health ScrNdce. 

t Research Fellow, American College of Physi- 
cians. 


volved in each instance. All \vere in males 
ranging in age from 16 to 65 years. Pneumo- 
cocci were identified and t>ped from the 

t Data on isolation, pharmacology and activity 
*71 vitro and in experimental infections have been 
presented by Avorkers of the Lederle Laboratories 
Division of the American Cyanamid Company at a 
Conference on Aureomycin, New YTork Academy of 
Sciences, July 21, 1948. Additional clinical and 
laboratory observations by the authors and by 
other workers were also presented at that con- 
ference. 

3 Paine, T. P., Jr., CoUias, 11. S., and Finland, 
M., J. Bact., 1948, 50, 489. 

‘-2 Collins, H. S., Paine, T. P., Jr., Wells, E. B., 
and Finland, M., Phoc. Soc, Exp. Biol, .\ki> Med., 
1948, 09, 174. 
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Pig. 1. 


Relevant findings in 4; cases of pneumonia. 


sputum in each instance and from the blood 
in one case before oral aureomycin therapy 
was started. One patient received an initial 
dose of 0.5 g followed by 0.25 g every 6 
hours for a total of 5 g; the others received 
0.5 g every 6 or 8 hours for a total of 10 g 
in 2 cases and 20 g in the oldest patient. No 
other chemotherapy or antibiotic was used. 
Some of the relevant findings are shown in 
Figure 1. 

The patients became afebrile, and both 
subjective and objective improvement occur- 
red in each instance between 18 and 36 hours 
after the first dose and was slowest in the 
oldest patients who had the severest illness 
and jaundice. The number of pneumococci 
decreased rapidly in the sputum following 
treatment and none could be demonstrated 
by any of the available methods, including 
mouse inoculation, after the second day of 
treatment. The pneumococci were completely 
inhibited by aureomycin in concentrations of 
0.25 to 3.0 fig per ml. 

The relevant findings in the case of menin- 
gococcemia are shown in Figure 2. In this 
patient a tentative diagnosis of Rocky Moun- 
tain Spotted Fever was made on the basis of 
a history of tick bites, high fever, headache, 
slightly stiff neck and a rapidly spreading 
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Fig. 2, 

Relevant findings in a case of uieningocoeccuiia 
treated with aureomycin. 


maculopapular eruption involving the trunk 
and extremities. Lumbar puncture yielded 
normal spinal fluid. Treatment was begun 
12 hours after the onset of symptoms. The 
patient received 4 doses of 500 mg followed 
by 4 doses of 350 mg and then 3 of 250 mg, 
at 6-hour intervals. The patient was afebrile 
and much improved symptomatically and the 
rash had almost cleared within 18 hours after 
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first dose. A blood culture obtained before 
treatment was started yielded meningococcus, 
group I and subsequent blood cultures were 
negative. 

The results in these cases appear to be com- 
parable to those obtained in similar cases 
treated with penicillin or with effective sulfon- 
amides. There were no toxic effects attribu- 
table to aureomycin in any of these cases. 


Further e.xperience is needed to determine 
the optimum dosage and duration of treatment 
as well as the effect in more severe cases. The 
present findings, however, suggest that aureo- 
mycin may be an effective agent in pneumo- 
coccal and meningococcal infections and war- 
rants further clinical trial in these and other 
types of infections. 


16686 

Excretion of Androgens and 17-Ketosteroids in the Cebus Monkey Follow- 
ing the Administration of Testosterone Propionate. 

Olga B. Henriques, S. B. Henriques, and Lygia Wendel. 
(Introduced by H, Selye.) 

From the Lahoratorio dc EndocrinoJogia, l7istituto Butantaut Sao Paulo, BraziL 


An increase in urinary 17-keto3teroids and 
androgens after administration of testosterone 
has been noted in man,^ chimpanzee,- Bhesus 
monkey,^ guinea pig^ and rat.^ Normally 
Cebus monkeys excrete minimal amounts of 
androgens as compared with other primates, ° 
hence we wished to examine their 17-ketoster- 
oids and androgen excretion after administra- 
tion of testosterone propionate.* 

Material and Methods, Six adult male 
Cebus monkeys, weighing 2.8 - 3.3 kg, were 
used. After a control period of 6 days, each 
animal received daily 50 mg of testosterone 
propionate subcutaneously, in 1 ml of pea- 
nut oil solution, for 12 days followed by 5 
days during which no treatment was given. 

1 Dorfmaii, I?. X., and Hamilton, J. B., J, Clin. 
Invest., 1939, 18, G7. 

-Fish, W. B., and Dorfman, R. I., Fadorrinol- 
ogy, 1944, So, 22. 

^ Dorf man, R. I., and Hamilton, J. B., Endocrin- 
ology, 1939, 25, 28. 

^Dorfman, R. I., and Fish, W. R., J. Biol. 
Clum,, 1940, 1S5, 349. 

5 Dorfman, R. I., J, Biol. Chem., 1938, 123, xxx. 
Valle, J. R., Henriques, S. B., and Henriques, 
O. B., Endocrinology, 1947, 41, 335, 

* Testosterone propionate was furnished through 
the courtesy of the Ciba Pharmaceutical Company 
of S. Paulo. 


Throughout the period of observation (23 
days) the urine of each monkey was continu- 
ously collected under toluene. Twice daily 
the urine specimen of all monkeys were pooled, 
acidified with 1 % hydrochloric acid, placed in 
the refrigerator and extracted the following 
day. Hydrolysis, extraction and fractionation 
by Girard^s reagent for chemical and biologi- 
cal assays was done as previously described." 
The urinary extracts from the control period 
of 6 days (I), the treatment period of 12 
days (II) and the post- treatment period of 
5 days (III) were kept separate for chemical 
and biological assays. Colorimetric estima- 
tions were done by the Zimmermann method 
as modified by Callow et al.^ and by the anti- 
mon trichloride technic.^ Assays of andro- 
genic activity were made using the chick 
comb method.^ 

Results. A. Androgenic activity. In a pre- 
liminary test we verified that the androgenic 
activity of the urine collected during periods 
I, II, and III was approximately the same. 
Therefore the final assay was done only on 

7 Henriques, O. B., and Henriques, S. B., Mem. 
Inst. Butantan, 1946, 19, 11. 

8 Callow*, N. H., Callow*, R. K,, and Emmens, 
C. ^Y., Biochem. J., 1938, 32, 1312. 

9 Pincus, G., Endocrinology, 1943, 32, 176. 
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Pig. 1. 

Comparison, of absorption spectra of androsteronCj testosterone 
proj)ionate and ketonie fraction of urinary extract submitted to 
Zimmermann's reaction. 



WAV& LtnCTH, 

Pig. 2. 

Comparison of absorption spectra of androstcronc and ketonie 
fraction of urinary extract submitted to autimon tricldoridc re- 
action. 


samples I and II. Androgen excretion was 
found to be 94.2 ±: 24.5 pg per liter for 
sample I and 87.9 zir 39.0 for sample H. 
This corresponds to 10 and 6.5 pg per 24 
hours, respectively, for one monkey. 

B. 17-Ketosterotds. Using Zimmemiann's 
procedure, the color obtained was brownish 
instead of violet. Therefore we analysed this 
color with the Pulfrich photometer. Fig. 1 
shows the absorption spectra of androsterone, 
testosterone propionate and the ketonie frac- 


tion from the extract of 200 ml of urine of 
untreated m''rk^ys. Fig. 2 shows the absorp- 
tion spectra of the same substances with the 
e.xception of testosterone, using the antimony 
trichloride reaction. It will be noted tliat 
there is no maximum absorption at 530 nip 
for the urinary extract with the Zininier- 
mann^s reaction nor at 620 mp with antimony 
trichloride procedure. After administration of 
testosterone propionate, no significant quali- 
tative or quantitative change was detected in 
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the absorption spectra. 

Discussion and Summary. As previously 
stated, the administration of testosterone to 
many animals including man and the Rhesus 
monkey, results in an increased urinary excre- 
tion of androgens and 17-ketosteroids. ^ In 
contradistinction to this ^Ye noted no increase 
in either of these substances in the urine 
of treated Cebus monkeys. This finding paral- 
lels those of .Dingemanse and Tyslowitz,^^ 
Paschkis et who found no increase in 

10 Dingemaiise, E., and TysloNvitz, K., Endocrtn-^ 
ologyj 1941, 28, 450. 


the urine of dogs similarly treated. In dogs^^ 
and nian^~ increased urinary estrogenic activi- 
ty has been shown after testosterone treat- 
ment. Our results would suggest that in the 
Cebus monkey as in man and the dog, testo- 
sterone can be converted to estrogens, but 
further work is necessary to elucidate this 
point. 

11 Paschkis, K. E., Cantarow, A., Eakoff, A. E., 
Hausen, L. P., and Walking, A. A., PROC. Soc. 
Exp. Biol, ax© IXed., 1943, 53, 213. . 

12 Borfman, E. 1., and Hamilton, J. B., Endoc- 
rinoloffifj 1939, 25, 33. 
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Determination of Creatine, Creatinine, and Related Compounds in Urine 
by Means of Paper Chromatography.* 

Stanley R. Ames and Hugh A. Risley. (Introduced by Philip L. Harris.) 
From the Bcsearcli Laboratories of Vistillaiioji Froducis, Xnc., Fochester^ X. Y, 


A partition chromatographic procedure for 
the identification and estimation of creatine 
and creatinine and their demethylated ana- 
logues, glycocyamidine and glycocyamine 
(guanidoacetic acid) was devised during the 
course of an investigation of aminoaciduria in 
dystrophic humans.^ Two different color-reac- 
tions were investigated to indicate the location 
of the various substances on the developed 
chromatogram. One was based on the Jaffe re- 
action, the formation of a reddish-orange 
product when alkaline picrate is added to 
solutions of creatinine and related compounds. 
This reaction has been used by Dent--^ to 
identify creatinine on a paper strip following 
partition chromatography. The other was a 
modification of the Voges-Proskauer reaction 
in which diacetyl in alkaline solution forms a 
pink product with creatine and similar com- 


* Communication No. 144. 

X Ames, S. R,, and Risley, H. A., Proc. Soc, 
Exp. Biol, axd Med., 104S, C8, 131. 

2 Dent, C. E., Biochcm, J., 1947, 41, 240. 

3 Dent, C. E., in Reifcnstein, E. C., Conference 
on Metabolic Aspects of Convalescence, Josiali 
Maey, Jr. Foundation, New York, 19 4G, p. 120. 


pounds. 

Method Using Jaffe Reaction. The Jaffe 
reaction is the conventional method for the 
detection of creatinine. It is dependent on a 
cyclic lactam structure such as is found in 
creatinine and glycocyamidine and is not 
given by the hydrated straight chain ana- 
logues, creatine and glycocyamine. It is 
necessary, therefore, to dehydrate the latter 
compounds hi situ before applying the color 
reaction. It was found that heating the dry 
paper strips for one hour at 100-1 10°C trans- 
formed creatine to creatinine. Glycocyamine 
was dehydrated to glycocyamidine by heating 
for one hour at 100-1 10°C but the conversion 
was not quantitative. Further heating did 
not appear to increase the amount of glyco- 
cyamidine formed as evidenced by the depth 
of the color reaction. Therefore, in actual 
practice a constant heating period at a con- 
stant temperature was carefully followed in 
order to make valid comparisons between the 
depth of color formed with standard solutions 
and with urines of unknown composition. 

Details of the experimental procedure are 
as follows: A 0.025 ml aliquot of urine or 
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standard solution is placed dropwise at a 
starting point on a filter-paper strip. The 
strips are then developed for 15-20 hours 
using water-saturated solutions of butanol, 
phenol or lutidine-collidine (50-50) as sol- 
vents. The strips are air-dried, heated to 
100°C for 1 hour and cooled to room tem- 
perature. The Jaffe reaction is obtained on 
spraying the strips with an alkaline picrate 
solution prepared by adding 10.0 ml of 10% 
NaOH to 50.0 ml saturated picric acid. The 
presence of creatinine or related compounds is 
evidenced by the appearance of an orange 
spot against a light yellow background. The 
color appears immediately and is compara- 
tively stable. The strips are roughly evaluat- 
ed in a manner similar to that suggested for 
amino acids.^ The color intensity is estimated 
from to ^^5'^ where 'T” represents the 
faintest band observable and “5’^ represents 
an intense color. The dw value for each band 
is calculated by multiplying its width in cm 
-by the color intensity. The procedure is 
quantitized by modification of any one of a 
number of published procedures: Extraction 
of the material and analysis by micro-Kjel- 
dahl,^ extraction of the colored product fol- 
lowed by conventional colorimetric analysis,^”'* 
or less precisely by spot dilution technics^ or 
by spot area technics.*^ 

In order to test the accuracy and sensitivity 
of this procedure, the various compounds 
under consideration were analyzed individual- 
ly, as well as in mixtures, and when added to 
urines. In Table I the average Rf values 
obtained in the various solvents are given. 
Water-saturated solutions of butanol and luti- 
dine-collidine give a better separation of 
creatine and creatinine than a water-saturated 
phenol solution. However, phenol gives an 
excellent resolution between glycocyamine 
and the others. Differentiation of creatinine 
and glycocyamidine by this method is not 
feasible because of the close correspondence 
of their Rp values. The smalles t amount of 

4 Poison, A., Mosley, V. M., and Wyoko/T, R. 
W. G., Science, 1947, 105, 603. 

sNaftalin, J., 2^’(iturc, 194S, 101, 703. 

opisher, R. B., ParsoJis, D. S., and l^Iornsou, 
a A., Nature, 294S, 101, 704. 


TABLE I. 

Average Vahies for Creatine and Related 
Compounds. 

Solvent (ILO-saturated) 


Sujjstance 

Butanol 

Plieno! 

Lutidine- 

coilitlinu 

Cieatiue 

.OS 

.S5 

.24 

Creatinine 

.33 

.01 

.50 

Glycoeyaniiiie 

.07 

.00 

.28 

Glvoocvamidine 

.30 

.S9 

.52 


CreatiJie and creatinine were Eastman Kodak 
Co. products. Appreciation is expressed to Dr. P. 
Smith of the XTnivefsity of Rochester Mcdhal 
School for a generous sample of glycocyamine. 
Glycocyamidine hi all cases was obtained in situ 
by dehydration of glycocyamine by heat. The 
solvents were used as water-saturated solutions a*, 
about 23 ®G ami the chromatograms were devel- 
oped in a thermostated room at the same tem- 
perature, The Rp values are the averages of a 
large number of determinations using pure solu- 
tions, mixtures and samples of urine, and arc 
reproducible to ^2 R^, units. 

creatinine or creatine (converted to creatinine 
by heating) which could be detected was 11 
/xg. One hundred micrograms of glycocya- 
mine heated to convert it to glycocyamidine 
yielded a barely distinguishable spot. 

The method for the determination of crea- 
tine and creatinine is therefore quite sensitive 
and precise. It is also easy to perform and it 
is possible to determine creatinine and related 
compounds in pure solutions or in urines with 
equal facility. Urines from a number of 
species, including rats, rabbits and humans, 
have been analyzed successfully. In studying 
urines it is possible to test for both amino 
acids and creatinine and related compounds 
on the same strip or sheet by spraying the 
Jaffe reagent onto the paper which has pre- 
viously been treated with ninhydn’n. The 
sensitivity and resolution of the creatinine 
determination is not impaired in the above 
procedure. 

Following the completion of this investiga- 
tion, a paper appeared by ^law* concerned 
with the determination of creatine by partition 
chromatography. In this procedure developed 
strips, after being airdried and heated in an 

7 Maw, G. A., Nature, 1947, i(SO, 201. 
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oven at lOO^C, were sprayed with 0.5 N 
sulfuric acid and heated at 100® C for 1 hour. 
This was stated to result in the dehydration 
of creatine to creatinine, the creatinine then 
being tested for by the Jaffe reaction. The 
method did not prove to be satisfactory in 
our laboratory, since the paper strips charred 
and were unusable. We have since learned® 
that Dr. !Maw has been unable to satisfactorily 
reproduce this technic and is now following a 
procedure somewhat similar to ours with the 
exception that the strips are heated for 3 
hours rather than 1 hour. 

Method Using Diacetyl Reaction, The use 
of alkaline diacetyl for the determination of 
creatine proved to be applicable to paper 
chromatography. This method is specific for 
creatine and gives no color with creatinine. 
Therefore, the strips were not heated, but 
with this exception the procedure as previ- 
ously outlined was followed. A 50-50 water- 
alcohol solution saturated with sodium car- 
bonate was prepared by adding 15 ml of abso- 
lute alcohol to 20 ml of saturated sodium car- 
bonate solution and removing the resulting 
precipitate by filtration. Two ml of diacetyl 
were added to 10 ml of the resulting filtrate. 
When this solution was sprayed onto the 
strips, the presence of creatine was indicated 
by pink spots against a yellow background. 
Too high a concentration of sodium carbonate 
caused the strip to turn brown obliterating the 
pink color of the reaction. Insufficient sodium 
carbonate reduced the sensitivity of the 
method. After 'drying at room temperature 
the strips were placed in the oven at 100°C 

8 Maw, G. A., personal coniiuunication. 


for exactly 5 minutes to hasten the color de- 
velopment which at room temperature is very 
slow. The smallest detectable amount of 
creatine was 33 /xg, a sensitivity of about 
that of the Jaffe reaction. Neither glycoc^^a- 
mine nor glycocyamidine in quantities up to 
200 /ig developed a color with the diacetyl 
reagent. The diacetyl reaction is given by 
several amino acids, and confusing results can 
be obtained on pathological urines. Its prin- 
cipal value is in the positive identification of 
creatine since it clearly differentiates it from 
creatinine. * 

Summary, A procedure for the identifica- 
tion and determination of creatine, creatinine, 
glycocyamidine and glycocyamine is pre- 
sented. Following resolution by paper chro- 
matography, the developed chromatograms 
are heated to 100®C for one hour to dehydrate 
creatine and glycocyamine in situ to creatin- 
ine and glycocyamidine respectively. The lat- 
ter compounds and others of similar struc- 
ture give an orange color on treatment with 
the Jaffe reagent (alkaline picrate). 

The Voges-Proskauer reaction (alkaline 
diacetyl) for creatine was also investigated 
and found suitable but less precise. 

Rp values for creatine, creatinine, glyco- 
cyamine, and glycocyamidine are given for 
water-saturated solutions of butanol, phenol, 
and lutidine-collidine (50-50). 

The chromatographic method possesses the 
advantage that creatine and creatinine can be 
determined independently and directly rather 
than by a differential procedure as in the 
conventional methods. 



Biological Studies with Arsenic"^* 

I. Preparation of Arsenic'® by Pile Irradiation of Gacodylic Acid. 

R. L. Straube, AV. B. Neal, Jr, T. Kelly and H. S. Ducoff. 
(Introduced by L, O. Jacobson.) 

From the BioJo}/y Bivhion of the Argonne Xatwnal Laboratory, Chicago, lU. 


Preliminary investigations into the pro- 
duction of radioactive arsenic, for distribu- 
tion studies in animals and for clinical trial, 
indicated the need for inorganic radioactive 
arsenical compounds of a higher specific ac- 
tivity than could be obtained by pile irradia- 
tion of AS2O3. This led to the consideration 
of the “Szilard Chalmers reaction.”^ Basic- 
ally, this is a general reaction in which the 
recoil energy, imparted to the As nucleus upon 
neutron capture, ruptures the chemical bonds 
which hold it in the complex molecule, leav- 
ing it free and radioactive. D’Agostino- was 
able to separate arsenic^® from cacodylic acid 
after bombardment by a radium-beryllium 
source, and Szilard**^ stated that pile irradia- 
tion of cacodylic acid would give good yields 
of radioactive arsenic. Preliminary experi- 
ments confirmed this.^ 

Methods, Cacodylic acid (CH3)oAsOOH, 
is a colorless solid that is easily soluble in 
water. It melts at 2(X)°C and is extremely 
stable, being unaffected by fuming nitric acid, 
aqua regia, or potassium permanganate.^ 

An accurately weighed quantity (300-750 
mg) of this substance, finely powdered, is in- 
troduced into a soft glass vial (8 x 40 mm) 
that has a small glass eyelet fused to its 
rounded bottom. The open end of the vial 
is then sealed with paraffin and, eyelet end 
up, placed within a larger quartz tube (12 x 

1 Szilard, L., and Chalmers, P., Xature, 1934, 
132, 462. 

2 D’Agostino, O., Gazzetta Chimxca Italiana. 
1935, C5, 1075. 

3 Szilard, D., personal eonimunieation. 

4 Brues, A. M., ed., Quarterly Peport, Biology 

Division, Argonne National Laboratory, August 
1, 1947, ^VNL.4078. 

sKaiziss, G. W., and Gavrou, J. L., Organic 
Arsenical Compounds, Chemical Catalog Co., Tne„ 
New York, lOf; 



Pig. 1. 

Cross section of lead shield with distilling ap- 
paratus in place. 

125 mm). The latter is evacuated, sealed, 
and irradiated in a neutron pile. 

Following irradiation, the quartz tube and 
its container are handled only by remote con- 
trol apparatus and behind 10-15 cm of solid 
lead shielding. All chemical operations are 
carried on behind a U-shaped shield, having a 
floor and roof constructed of dovetailed, 
10-cm thick, lead bricks, laid in alternating 
courses. A mirror, set at an angle at the open 
back of the shield, allows the operator to 
view the interior and the progress of the 
e.xperiment. A cross section of the shield and 
the distilling apparatus it contains are shown 
in Fig. 1. 

The irradiated quartz tube is slipped into a 
lead block placed behind the sJiield. The 
neck of the tube is then shattered by the 
remote control ratchet mechanism illustrated 
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Pig. 2. 

demote control ratchet mechaiusm used in 
crushing the quartz capsule. 

in Fig. 2. The “hot” cacodylic acid is trans- 
ferred to the distilling flask with the aid of 
a right-angle hook that engages the eyelet on 
the bottom of the soft glass vial in which the 
acid is contained. The distilling vessel is an 
ordinary 100- ml Kjeldahl flask, the long neck 
of which is replaced by a 24-40 standard 
ground glass taper. The still head is the male 
portion of the taper, flared at the upper end 
to hold a No. 6, three-holed rubber stopper, 
A bent glass tube inserted through one hole 
admits compressed air, another holds the 
thermometer, and the third admits the end of 
the U-shaped distilling arm that leads to the 
receiving bottle. 

For the usual sample of 500-750 mg of 
cacodylic acid, the distilling flask contains 7.5 
cc of concentrated HCi (arsenic-free), and 
0.4 g of cuprous chloride (CuCl). The 
cuprous chloride reduces any arsenic present 
in the pentavalent state to the trivalent form. 
Once the vial of cacod 3 'lic acid is added, the 
still head is sealed by manipulating the ther- 
mometer stem from above, through the roof 
of the shield. The flask is heated by a Glass- 
col* heating mantle and distillation is carried 
out to llO'C. Between SO-llO^'C the free 
trivalent arsenic is distilled as AsCla. The 
current of air, introduced through the still 
head, increases the yield. The distillate is 
caught in a graduated 30-ml bottle, contain- 
ing 10 cc of cold, distilled water in a small 
ice-balh. The volatile AsCl^ fumes, bubbling 

•ObtuiniibU* from t\w Glass-col Apparatus Co., 
1700 S. 7lh Street, Terre Haute, ludiaua. 


through the liquid, are hydrolyzed to arsenious 
acid. Neutralization to the phenolphthalein 
end point (pH 8.3) ivith 6 N NaOH follows. 
The NaOH is introduced through the long- 
stemmed burette that pierces the shield roof. 

Aliquots for activity measurements and 
arsenic determinations are obtained with 
pipettes inserted in the remote control pipet- 
tor.*'^ A 25-lambda micropipette withdraws a 
sample that is diluted in a 100-ml volumetric 
flask with 6 N arsenic-free nitric acid. Five 
cc of this solution is further diluted to the 
mark with nitric acid in another lOO-cc volu- 
metric flask. Four-cc samples of this final 
dilution are placed in duplicate Coors porce- 
lain capsules and evaporated to diymess. These 
samples are then counted under a thin-window 
mica Geiger-'Mueller tube and aluminum foil 
absorber of 54 mg/cm-, using a conventional 
scaling and timer unit, and compared with a 
standard uranium source which is similarly 
mounted. Because of the high energy levels 
of the beta and gamma radiations of the 
arsenic sample max = 3.04, y max := 
2.15), mass absorption can be neglected. 

The activity of the sample is calculated as 
follows; 

c/s sample 

fiC As'Vml X 

c/s standard 

Absorption factor Al foil X dilution factor 

3.7 X 10-^ X geometry factor of standard 

The total amount of arsenic present^ both 
stable and radioactive, is determined by means 
of the modified Gutzeit method for arsenic, as 
described in Scott’s Standard Methods of 
Chemical Analysis.* Usually 0.1 cc of the 
solution obtained is sufficient to give a 20-30 
/ig stain. Knowing this value and the activity 
of the sample, the “specific activity”, ue,, the 
ratio of the number of radioactive arsenic 
atoms to the total number of arsenic atoms, is 
obtained. 

Results. Table I is a summary^ of several 

*> Tompkins, P. C,, Broido, A., and Teresi, J, B., 
The Handling of Kadioactivc Materials in tl»e 
Experimental Biology Section, Manhattan District 
Declassiiied Document (MDDG) 377. 

7 Scott, W. \V., Standard 2[ethoth of Chemical 
Anabjah, Vau Xostraud Co., Xcw York. 3tU Edi- 
tion. VuL I, pp. 101 -lOS, 10,10. 
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TABLE I. . 

Yields of Radioactive Arseiiic’C from Pile Irradiated Cacodylic Acid (Szilard-Chalmers 
Reaction). 


Amt. 

cacodylic acid 
irradiated 

(mg) 

NaCl 

% 

Activity/ce 

(me) 

Arseuic/cc 

(mg) 

Total vol. 
(cc) 

Total activity 
(me) 

Specific 

activity 

(nic/nig) 

300 

10 

2.37 

0.09 

17.5 

41.5 

26.4 

700 

11 

4.26 

0.26 

28.0 

119.0 

15.2 

500 

13.0 

4.35 

0.35 

24 

104.4 

12,0 

COO 

7.7 

4.50 

0.35 

20 

90.0 

12.8 

700 

10,0 

8.50 

0.34 

17 

142.0 

25.0 

750 

16.0 

5,60 

0.32 

20 

112.0 

17.5 

800 

20.0 

4.57 

0.26 

16 

73.2 

17.0 

500 

16.0 

2.77 

0.17 

17 

47.1 

16.4 

800 

14.0 

4.0 

0.26 

25 

100.0 

16.9 

650 

14.0 

6.48 

0.20 

25 

162 

32.4 

700 

11 

6.82 

0.18 

8 

54,6 

30.3 


TABLE II. 


Comparison of Specific Activities of Several 
Arsenic Compounds Exposed to Pile Irradiation. 


Material 

me As"G 

mg As‘« 

Enrichment 

ASoO;^ 

Cacodylic acid 

0.5 

1 

(CH3)2AsO(OH) 
Arsenilic acid 

15.0 

30 

CcH^NH^AsO^H 

0.1 

0.2 


Values are rei)rcseiitative ones. 

preparations of arsenic^^ from pile irradiated 
cacodylic acid. There is wide variation in the 
specific activities because ( 1 ) time and power 
levels of pile irradiation were not uniform, and 
(2) activities were calculated to time of prep- 
aration of the arsenic solution. 

It will be seen, however, that specific activi- 


ties of arsenic'^ obtained by pile irradiation of 
cacodylic acid are considerably higher than 
those obtained by pile irradiation of arsenic 
trioxide. Table II compares specific activi- 
ties following irradiation of cacodylic acid, 
arsenic trioxide, and arsenilic acid. In ad- 
dition to the high specific activity of the re- 
sulting product, as can be seen from Table I, 
irradiation of cacodylic acid yields a solution 
of high total activity, this being a function of 
the high neutron capture cross section for 
.As”*’’. 

Sumviary, A method of obtaining As*'* 
of high specific activity by pile irradiation of 
cacodylic acid is described. 

Tlie assistance of Dr. Willard McCorkle, ^Ir. 
John Rose, and Dr, Alexander X^angsdorf is grate- 
fully acknowledged. 
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Relation of Folic Acid and Vitamin A to Incidence of Hydrocephalus in 

Infant Rats."- 


B L O’Dell, J. R. Whitley, and A. G. Hogan. 

/.•rom the Dcpartm'cnl of Agricultural ChemUtry, VniverAty of MU.ouri, 


Colttmhuif Mo, 


Richardson and Hogan' observed hydro- 

- Contribution from the Department of Agrieul- 
jral Chemistry, Jlissouri Agricultural Experi- 
icut Station, Journal Series Xo. 1130. 

This investigation was supported in part hi a 
rant from the U. S. Pnblie Health Service. 


cephalus among infant rats and ascribed h to 
the inadequacy of the maternal diet. Ihe 
diet, which was of the usual synthetic type, 
was supplemented with all of the recognized 

1 Richardson, L. R.. and Hogan. A. .\u/ri- 

lion, liHO, aa, 150. 
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vitamins except pteroylglutamic acid, and the 
abnormality occurred in about 2% of the 
offspring. When the diet was supplemented 
with aqueous liver extracts, or with an eluate 
prepared from liver extracts, the abnormality 
was not observed. These concentrates would 
be expected to contain folic acid, but it was 
observed that crystalline ''L. casei factor’^ 
would not cure the defect once it had de- 
veloped. ' IMore recently Richardson and De 
IMottier- have produced hydrocephalus in an 
unrelated colony of rats. 

The purpose of this communication is to 
show the relationship of pteroylglutamic acid 
and vitamin A to the incidence of hydroceph- 
alus among the offspring of rats that con- 
sume a synthetic diet. 

Methods, Adult albino rats from the 
colony described by Richardson et al.^ were 
placed on the experimental diets only a short 
time before mating since it was found that 
depletion periods of several weeks had no 
noticeable effect on the incidence of hydro- 
cephalus. After pregnancy occurred the rats 
were transferred to individual round cages, 
containing wood shavings as litter, where the 
offspring were born. .All of the offspring were 
allowed to remain with the dam until weaning. 
The young rats were observed frequently for 
abnormalities and were weighed at weekly 
intervals until the end of the fourth week, 
when they were weaned and discarded if no 
abnormalities occurred. 

At the end of the second, third, and fourth 
weeks the rats were examined for symptoms 
of hydrocephalus by means of a light-trans- 
mission test. The head of the rat was placed 
over a small opening in a box containing an 
incandescent bulb, with the size of the orifice 
so adjusted that the head of a normal rat 
of comparable size transmitted no light. If 
transmission of light could be detected the 
animal was considered hydrocephalic, the 
severity being measured by the amount of 
light transmitted. 

The basal synthetic diet was composed of 
acid-washed casein, 30%; cerelose, 52%; 

Kieharason, L. K., hm\ DeMottier, Jeaime, 
Sr'uucc, 1947, lOG, 044. 


wood pulp, 3%: salts,^ 5%; lard, 10%: 
vitamin A, 2000 I.U.; vitamin D, 285 I.U.; 
(Vitamins A and D were supplied in the form 
of oleum percomorphum, Mead Johnson & 
Co.) a-tocopherol,l 2.5 mg; 2-methyl-l, 4- 
naphthoquinone, 2.5 mg; thiamine hydro- 
chloride, 1,6 mg; riboflavin, 1.6 mg; pyridox- 
ine hydrochloride, 1.6 mg; and calcium panto- 
thenate, 4.0 mg. This diet was supplemented 
with various combinations of the following 
nutrients: Niacin, 5 mg; biotin, 0.020 mg: 
choline chloride, 100 mg; inositol, 100 mg; 
and ascorbic acid, 10 mg. Since none of these 
vitamins had any effect on the incidence of 
hydrocephalus, all of the rations containing 
any of these vitamins were grouped together 
and designated as Diet A. Diet A was supple- 
mented with meg of pteroylglutamic acid,+ 
5% liver extract or 5% brewers’ yeast. The 
vitamin A content of the diet was varied from 
2000 I.U. to 100 I.U. per 100 g of diet. 

Results. The data in Table I indicate 
that the addition of pteroylglutamic acid to 
Diet A markedly decreases the occurrence of 
hydrocephalus among the offspring. 

During 1947 there were 1001 young born 
to dams maintained on Diet A and 10 or 
1.9% of those weaned showed symptoms of 
hydrocephalus. Of the 1890 young from 
dams which received 50 meg of pteroylglu- 
tamic acid per 100 g of diet only 2 developed 
the abnormality. During this same period 3 
out of 1826 young rats born in the stock 
colony, which received a natural feedstuffs 
diet and served as a control, became hydro- 
cephalic. 

When it was observed that pteroylglutamic 
acid decreased the occurrence of hydrocepha- 
lus it was considered worthwhile to present all 
of our earlier data^ as they have some bearing 
on the relation of pteroylglutamic acid to the 

t The x-tocoplicrol, tliiamine hydrochloride, ribo- 
flavin, pyridoxine hydrouhloride, calcium panto- 
thenate, choline chloride, niacin, biotin, inositol, 
ascorbic acid, and 2-inethyl-l, 4-naphthoquinone 
were supplied through the courtesy of Dr. D. F. 
Green, Merck and Co., Ralnvay, N. J. 

t The pteroylglutamic acid was supplied through 
the courtesy of Dr. T. H. Jukes, I.ederle' Labora- 
tories, Pearl River, N, Y. 
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_ , .. TABLE I. 

Belatiou of Pteroylglutamie Acid in the IJaternal Biot to Hvdroceplialus in the Offspring. 


Experimental 

period 

Supplements 
to diebA 

No. of 
litters 

, No. 
born 

No. 

weaned 

Hydrocephalus 

No. oases 

1947 

Xone 

Pteroylglutamie 

157 

1001 . 

532 

10 

1.9 


acid (50 meg) 

218 

1890 

1437 

o 

0.1 

1944-1946 

Stock ration! 

230 

1826 

1212 

3 

0.2 

None 

895 

5026! 

2986 

52 

1.7 


Liver extr.$ 

180 

1197! 

937 

0 

0.0 


Brewers' yeast 

S3 

488! 

309 

3 

- 1.0 


* % of those weaned. 

t A diet of natural feedstuffs, used as a control. 

t The number of 3 'oung retained, since in the earlier experiments the litters were reduced 
to 8. 

liver extract supplement consisted of either 5% of an aqueous extract of pork liver 
or 1% of a fullers' earth eluate of this extract. 


TABLE II. 

Bclation of Vitamin A in the :NraternaI Diet to Hydrocephalus in the Offspring. 


Vitamin A 

No. of 

No. 

born 

No. 

weaned 

Hj'drocephalus 

content* 

litters 

No. cases 9^*! 

I.U. per 100 g 

2000 

51 

335 

226 

5 2.2 

1000 

33 

220 

122 

3 2.5 

500 

38 

217 

145 

3 2.0 

100 

40 

244 

145 

1 0.7 


* The vitamin E content of the diet at each vitamin A level was varied from 0.5 ing to 2.5 
mg but since the differences were of no consequence the data are combined, 
t % of those weaned. 


abnormality. From 1944, when the first case 
was observed, through 1946 there were 5026 
young retained from dams which consumed 
diets that contained no added folic acid. Fifty- 
two animals, or 1.7% of those weaned, de- 
veloped the syndrome while of the 1197 re- 
tained from dams which received liver extracts 
rich in folic acid, none showed symptoms. 
There were 488 offspring retained from dams 
which received 5% dried brewers’ yeast in the 
diet and 1% of those weaned developed hydro- 
cephalus. The folic acid content of the brew- 
ers’ yeast is not known but it must have sup- 
plied some of the vitamin. It seems probable 
that the quantity was insufficient to prevent 
the syndrome. 

The occurrence of hydrocephalus among 
young rabbits has been observed by Hyde^ 
and by Greene,-* and it was believed by Greene 
to be the result of a vitamin A deficiency. ^ In 
view of the possibility that destruction of vita- 


min A might occur during storage of the ra- 
tions, lower levels of vitamin A were fed in 
an attempt to increase the incidence of hydro- 
cephalus. The results are shown in Table II. 

The incidence of hydrocephalus was not in- 
creased by lowering the vitamin A content of 
the diet from the usual level of 2000 I. U. to 
as low as 100' I.U. per 100 g. 

Although the incidence of hydrocephalus 


TABLE III. 

^Moisture Contents of Bat Braiin. 


Brains 

Type Analyzed 

Diet No. 

Moisture 

Content 

% 

Stock 23 

S^'iitlietie 23 

f » 0 * 

79.93 

79.91 

SS.IO 

* Brains from hydrocephalic rats. 


3 Hyde, B. B., Jm. J, lUjih, 1940, ill'. 1. 

4 Greene, H. .S. N., Department of Pathology, 
Yale University, personal emnmunieation. 
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table rv. 

Cerebrospinal Fluid Pressure Determined hy CisternalPuncture. 


Type 

Diet 

No. of 

Observations 

Cerebrospinal 
fluid pressure 
mm of water 

Stand, 

dev. 

Stock 

30 

77 

26 

Diet A 

39 

67 

29 

** A 

. .3* 

220 

— 

>> A -f PGA 

34 

78 

29 


* Eats sliowiug symptoms of hydrocephalus. 


on Diet A was 10 times as high as on the 
stock ration, it was still too low to permit 
rapid progress in discovering the cause. It 
was hoped that other less obvious symptoms 
of the deficiency might occur. Therefore a 
search was made for chemical and physiolog- 
ical differences between rats reared on 5301- 
thetic and on practical rations. The moisture 
content of the brains from hydrocephalic rats 
is usually about 90%. That there was not 
a significant difference in moisture contents of 
brains of normal appearing rats from the 
synthetic and from the stock rations is shown 
by Table III. Twenty-three rats, 4 to 5 weeks 
of age, from each of the 2 t3^es of rations were 
paired according to age, weight and sex, and 
their brains removed and dried for 24- hours 
at 65 °C in a vacuum oven. 

Hydrocephalus may be classified as internal 
or external depending on whether the fluid 
accumulates in the ventricles or in the sub- 
dural space and as communicating if there is 
free flow of liquid between the subdural space 
and the ventricles. In the communicating 
type there is a marked increase in cerebro- 

5 Grimtli, J. 0 ., and Earris, eTl^ 
cott Co., 1942, pp. 192-196. 


spinal fluid pressure as determined by cis- 
ternal puncture.^ Using the technic described 
by Griffith and Farris the cerebrospinal fluid 
pressure of the hydrocephalic rats was found 
to range from 150 to 350 mm of water. Thus 
the hydrocephalus appears to bo the communi- 
cating type. Cerebrospinal fluid pressure de- 
terminations were made on rats, 4 to 6 weeks 
of age and weighing from 60 to 150 g, reared 
on the stock diet and on synthetic diets with 
and without added pteroylglutamic acid. The 
results are shown in Table IV. The variation 
within a group was quite large and there was 
no significant difference between groups. 

Summary. About 2% oi the young rats 
weaned from dams fed a synthetic type diet 
deficient in folic acid developed hydroceph- 
alus, This abnormality could be largely 
prevented by the addition of pteroylglutamic 
acid to the maternal diet. Decreasing the 
vitamin A content of the diet to a low level 
did not increase the incidence of the hydro- 
cephalus. There was no difference in either 
the moisture content of the brains or in the 
cerebrospinal fluid pressure of rats from the 
stock colony and those from dams receiving 
a synthetic type ration. 
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Andproteolytic Activity of Human Serum with Particular Reference to Its 
C^hanges m the Presence and Considerations of Its Use for Detection 
' of Malignant Neoplasia.^ 


Donald G, C. Clark, t Eugene E. Cliffton,^ and Berne L. Newtona^ 
(Introduced by S. C. Harvey.) 

From the DeimrtmcnU of Siirgerij and Surgical Vatc Univcr.sity School of Malidne. 


Lacking a speciftc test for malignant neo- 
plastic disease (cancer), it is possible that 
something short of this with a high degree of 
correlation, analogous to the serological test 
for syphilis, will be of value in selecting 
patients for more detailed examination than 
that feasible in the customary screening pro- 
cess of a '^Cancer Detection Clinic,'' Many in- 
vestigators have reported tests with this object 
in mind, without producing convincing evi- 
dence of a sufficient correlation with the pres- 
ence or absence of malignant tumor. A review 
of these contributions will be undertaken in a 
later detailed presentation. Many of these 
tests are concerned with alterations in coagu- 
lation of the blood or its capacity to inhibit 
various enzymes. Another similarity is that 
they tend to give false positive reactions in 
the same types of pathologic conditions, other 
than malignant tumors. 

These observations led us to believe that 
the basic mechanism might be an alteration 
in the proteolytic-antiproteolytic balance of 
the serum. Brieger and Trebing^ suggested 
the use of the antifibrinolytic reaction of 
serum as a test for malignancy. Other reports 
by Von Bergmann and Meyer," HerzfeJd,** 

♦ This study was aided by j^rauts from the 
James Hudson Brown Memorial Fund and the 
Kcekford Beseareh Fund of the Yale University 
School of Medicine. 

t National Kesearch (’mtncii FeBow in Medical 
Sciences. 

X Fellow, American Cancer Society, as rcconi' 
mended by the Committee on Growth of the Na- 
tional Research Council. 

Jane Coniu Childs Fellow in Medical Research. 

1 Brieger, L., and Trebing, IhrU klim n'oeh., 
1908, 45, pt. ti, 1041, 1349, 2-00. 

2 Von Bergmann and Meyer, Bcrl, fclin. M or/i., 

1908 . 45 , 1073 . ^ 

a Uerzfeld, E., Bed. kUn. iroch., 1908, US-. 


Roche^ and many others were cntkally re- 
viewed by Weil.^ 

This approach was discarded because of 
the false positive reactions and the subjective 
nature of the test and the fact that it was con- 
sidered a cachexia reaction. Contributions to 
our understanding of the antiproleolytic re- 
sponse since that time have been reviewed by 
Grob^^ and Clark ei al? 

A simple, reproducible, objective test of 
antiproleolytic (antitryptic) activity in serum 
was developed in this laboratory largely as a 
result of work by one of us (D.G.C.C.). This 
test is performed as follows. 

Materials. 1. Veronal buffer > pH 7.4; 
Veronal 8.244 g; NVIO HCl 288 ml; Potas- 
sium oxalate .2948 g; NaCl ILO g; H-O to 
2000 ml. 

2. Trypsin; II A lyophilized pancreatic ex- 
tract of bovine origin. 

3. Fibrinogen:!! A lyophilized material of 
bovine origin almost free from lysin. 

4. Thrombin: A material prepared accord- 
ing to the method of J. H. ^lilstone,^ from 
Armour beef plasma globulin ppt. pH 5.1 
shipped in dry ice by air express. To 16 g of 
the Armour ppt. add SO ml of veronal buffer. 
Grind well, as quickly as possible. Xext add 
0.1 N. XaOH with care to avoid an excess, to 
pH 7.4 (phenol red) and with alacrity in 
order to have as much as possible dissolved be- 
fore the solution clots spontantxnisly. Centri- 
fuge promptly at 2000 R.P.M. for 15 minutes, 

luviiTint. b , 249. 

Wvil, R., Am. /. Tl i. 

OGrob, I)., J. Ocn. Phys., 1943, m. 

T Clark, D, G. C., ct al., to he juibbshva. 
li Obtained from Armour ami Company, Chi- 
cago, III. 

r We are iiulebtea to J)r. MiBtone for tliis 
method and for many other helpful suggest lon>*. 
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TABLE I. 

E:sauiple Test ]Report« 


Diiutioji 1:50 

1:00 

1:70 

1:80 ' 

1:90 

1;100 

1;110 

1;120 

1:130 

1:110 

1;150 

Test sera : 

A + + + 

B +++ 

C ++ + 

+++ 

4 — 1‘4' 


+-f4- 

0 

+ 4 — h 
4'4'4* 

0 

+ + + 

0 

0 

4*4-4~ 

0 

0 

4-4-+ 

0 

0 

+ + + 

0 

0 

+++ 

0 

0 

+ + + 


remove the supernatant and check to assure 
its pH of 7.4. Measure the supernatant and 
add 0.1 volume of .0275 M CaCI^, stirring 
constantly until coagulation is complete. Dis- 
card the fibrin and store the solution in the 
refrigerator for use within one week. 

5. Serum: Obtained from the patient^s blood 
with special care that all glassware and 
needles used are clean and dry. 

Method, The test should be run within 
6 hours after the blood is drawn. The serum is 
prepared in dilutions of 1:50, 60, 70, 80, 90, 
100, no, 120, 130, 140 and ISO. Solutioiis 
of trypsin, 35 mg to 100 ml of veronal buffer 
and fibrinogen 0.2 g to 40 ml of veronal 
buffer are prepared daily. The trypsin solu- 
tion must be kept in the refrigerator. The 
thrombin is diluted 1:3 with veronal buffer 
and checked for activity as follows: to 0.1 cc 
of thrombin solution, 0.1 cc of fibrinogen and 
0.3 cc of veronal buffer are added. A clot 
should form in 8 seconds. 0,25 cc of trypsin 
solution is added to 0.25 cc of serum dilution 
plus 0.3 cc of veronal buffer in 13 x 100 mm 
pyrex tubes. Allow to react 10 minutes at 
25° C. Add 0.1 cc of fibrinogen, and allow 
to react 15 minutes at 36.5°C. Add 0.1 cc 
thrombin solution, and allow to react 15 
minutes at 36.5° C. A constant temperature 
water bath is necessary. At this time the 
tubes are examined. The . tube with the 
greatest dilution containing a definite clot is 
considered the end point. The end point is 
rarely in doubt, and in that case the test 
should be repeated in the doubtful range. 

Using a large series of tubes it is necessary 
to add the reagents and read the results at 
specified intervals, usually 10 seconds, but 
trained personnel can cut the intervarto 5 
seconds with the desired accuracy. Results of 
repeated tests on the same serum within 6 
hours or of samples from a normal individual 


on successive days will not vary by more than 
one dilution. 

For the present each series of tests is run 
with a normal control serum, and the report is 
made wdth both the actual dilution titre and 
the ratio of the unknown titre fo the normal 
serum titre. The test run shown in Table I 
may be used as an example. Serum A, the 
normal, is recorded as 80 or 100%, serum B 
would then be 100 or 125% and serum 
C >150 or >187%. The percentages so 
obtained have been used in the discussion of 
results. 

Discussions In view of the accuracy and 
objectivity of this method, it was considered 
desirable to explore again the possibility of its 
having significance for the detection of malig- 
nant new growths. Consequently, the antipro- 
teolytic titre of the serum was determined 
on all new patients admitted to the “Tumor 
Clinic'’ as well as upon many in the hospital 
with known or questionable malignant tumors 
and with various diseases, not neoplastic. 
Blood was accepted from all sources without 
accompanying definitive information as to the 
patient's disease. 

The data obtained were assembled and cor- 
related and a method of statistical analysis** 
applicable to this problem was developed and 
applied. This analysis revealed that titres 
below 112% of the normal control could be 
considered as negative for malignant tumors 
with a possible error of 5%, and that titres 
above 1367o of the normal control could be 
considered as indicative of malignant neo- 
plasia with a possible error of 5% whereas 

** Tins ^vas made by Mrs. Sylvia Jolmson of tlic 
statistical division of the Tumor Registry with the 
assistance of Mr. David Votaw, Jr., of the Dc> 
partnient of Mathematics of Yale University, to’ 
whom we are greatly indebted. The method em- 
ployed will be reported elsewhere. 
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TABLE II. 
Diagnosis. 


% of normal 
titer 

^lalignant 

Benign 

No 

apparent 

Disease 
other than 

ilaliguant neoplasm 
after definitive therapy 

neoplasia 

neoplasia 

disease 

malignancy 

No recurrence 

Bocurreuee 

75 negative 
87 

100 

1 

4 

3 

5 

'8 

45 

5 

6 

68 

7 

4 

48 

2 

i 

42 

0 

0 

0 

113 doubtful 
125 

10 

10 

15 

4 

15 

1 

22 

7 

14 

0 

1 

0 

137 j>ositive 

150 

lOo 

175 

187 

7 

13 

15 

14 

15 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

X 

0 

* 0 

1 

1 

0 

0 

0 

0 

.■> 

1 

3 

0 

200 
over 200 

16 

7 

0 

0 

0 

0 

3 

4 

0 

o 

Total eases in 




■ 

— 

— * 

each category 

llo 

77 

97 

97 

66 

11 


• AH cases studied are listed according to the category of disease and the ratio of their test titer to 

he nnrinnl tifer 


TABLE III. 



Positive, 

% 

Doubtful, 

%. 

Negative, 

^/a 

ilalignant neoplasm 

75 

18 

7 

Benign neoplasm 

0 

25 

75 

Patients without apparent disease 

2 

17 

SI 

Patients ■with diseases other than neoplasia 
Post-treatment patients: 

9 

31 

60 

1. Without recurrence 

3 

29 

GS 

2. With recurrence 

90 

10 

0 


The percentages of patients in each group giving reactions in the positive, doubtful, and 
negative ranges are recorded. 


with litres in the range between 112% and 
136% of the normal control, the significance 
of the findings is doubtful. All patients with 
a definitive diagnosis on whom one or more 
tests had been made were reviewed. It is 
realized, of course, that complete certainty as 
regards the diagnosis will depend upon pro- 
longed follow-up of these patients. 463 pa- 
tients are included in this study, of whom 115 
had malignant neoplasms, 77 had benign neo- 
plasms, 97 were without apparent disease, 97 
had demonstrable disease other than malig- 
nant or benign tumor and 77 had had malig- 
nant neoplasm for which they had received 
definitive therapy. From a study of Table II 
it is apparent that (a) no case of “benign neo- 
plasia” gave a positive reaction, while 75% 
were negative and 25% were doubtful; (b) 
only two cases without apparent disease gave 


a positive reaction while 81% were negative 
and 17% were doubtful; (c) of the patients 
with diseases other than neoplasia 9% gave 
positive, 60% negative and 31% doubtful 
reactions; (d) on the other hand, of the pa- 
tients with known malignant neoplasia, 75% 
gave positive reactions and only 7% were 
negative, while 18% were doubtful. This 
material is summarized in Table III. 

The impression has been gained that after 
presumed complete removal of the malignant 
tumor or definitive therapy by .\-ray the 
tit re slowly falls to normal and does not rise 
again unless there be a recurrence. Of the 
patients without apparent clinical recurrence 
only 3% gave a positive reaction, as com- 
pared with 90% of those wth clinical recur- 
rence. 

No detailed account of the false negative or 
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false positive reactions can be given in this 
brief report. In general the false negatives fall 
into 3 classes: (1) patients with tumors of 
borderline malignancy; (2) patients with 
very small carcinomas; and (3) those with 
extensive terminal malignant disease, or 
rapidly spreading metastases. The false posi- 
tives fall almost entirely into 3 groups; (1) 
patients with advanced tuberculosis; (2) 
patients who have been operated upon very 
recently; and (3) patients with active infec- 
tions. Of the last, those in whom the strepto- 
coccus is the agent can be ascertained by the 
use of the streptococcal antifibrinolysin test 
(Christensen,® and Boisvert^). Reactions in 
the doubtful range occur frequently with 


s Christensen, L. R., J, Gen. Physiol.^ 1945, 28, 
363. 

9 Boisvert, P. B., J. Clin. Invest., 1940, 19, 65. 


serum from patients with other diseases (such 
as diabetes and lues) which gave false positive 
reactions with previous antifibrinolysin tests. 

A non-specific antiproteolytic reaction has 
been outlined, the results of which when care- 
fully analyzed give a high correlation between 
a positive test reaction and the presence of 
malignancy in the patient whose serum is 
tested. Certain false negative and positive 
reactions occur and careful study will be 
necessary to define these. It may be hoped 
that methods to exclude the effect of other 
specific antifibrinolytic factors, such as the 
antistreptokinase, will be developed with the 
ultimate goal of a specific reaction for malig- 
nancy, For the present, the reaction is of 
value as a screening mechanism with a degree 
of correlation warranting extremely careful 
observation in all patients with a consistently 
elevated titre. 
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Streptomycin-Induced Chlorophyll-less Races of Engle na* 

Luigi Provasoli,* S. H. Hutner,* and Albert Schatz.I 
(Introduced by Paul A. Zahl.) 

Pronv the Easlcins Laboratories, New Yorlc, and the Sloaii-Kettering Institute for Cancer 

Research, New Yorh. 


In the course of attempts to obtain with 
the aid of antibiotics pure cultures of algal 
flagellates and related colorless forms, it was 
noticed that after exposure to streptomycin 
(STIM), normal green pure cultures of several 
strains of Etiglena gracilis, used for orienta- 
tion experiments, became colorless and re- 
mained so on serial transfer in light on STM- 
free media. The theoretical implications of 
this observation prompted further study. 

A study was made of this bleaching as a 
function of (1) concentration of STM, (2) 
duration of e.xposure to STM, (3) exposure 
under proliferating and non-proliferating con- 

* llasVius Laboratories. 

t Sloau-Kettoring Institute for Cancer Rcsearcli. 
Present address; Hopkins Marine Station, Pacific 
Grove, C;iUf. 


ditions, and (4) exposure to STM in light and 
darkness. 

Methods. The organism used for most of 
these studies is classified as Euglena gracilis 
var. bacillaris.^ It has the advantage over 
the widely used Pringsheim strain of growing 
rapidly up to 32 °C, while the Pringsheim 
strain does not grow above 28° C. Illumina- 
tion for growth was supplied by 3500° K white 
or 6500° K “daylight” fluorescent lamps, at 
intensity levels of 150 to 300 foot candles. 
This was sufficient for practical light satura- 
tion of moderately dense cultures. 

Streptomycin solutions were compounded 
from crystalline salts and were sterilized by 
filtration through sintered glass. 

It has been found previously in unpublished 


1 Pringsheim, E. G., personal communication. 
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experiments that £. gracilis, and the other 
green and colorless euglenoids available in 

TABLE I. 

Bnsal ^Medium. 

Coneejitratiou (%) 


KHOP04 

.1 

KoiIpo^ 

.1 

NH^NO-i 

.1 

MgS04 7HoO 

.02 

K3 citrate • H^O 

.08 


Liver concentrate (Lederle, 1 ml ^ 3.3 U.S.P. 
units), 0,02 inl/100 ml. 

Trace elements (mg %) : Ca 2.0, Pe 0.3, B 0.02, 
Co 0.01, Cu 0.001, :Mn 0.1, Mo 0.01, Y 0.001, Zn 
0 . 02 . 

pH 6.8-7.0. IMedia distributed 10 ml/25 nil 
Erlenmeyer dask. 

Notes: 1. Citrate, added as a metal carrier,- is 
not utilized by E. gracilis. 

2. The organism grows through a remarkably 
wide pH range, even in the presence of acetate or 
0-25% Na butyrate. In later work the initial pH 
was 6.5. 

3. Liver concentrates from 2 otlier commercial 
sources gave similar results. 


supplemented with good substrates, gives 
green cells only a slight advantage in light 
over colorless cells. 

Results. The effect of STM as influenced 
by concentration, substrates, and illumination 
was observed in the e.xperiment summarized in 
Table II, using the medium of Table I. The 
observations on color refer to the macroscopic 
aspect of the cultures, E. gracilis strains nor- 
mally become colorless when placed in 
darkness and become green again rapidly 
when restored to light. The following con- 
clusions were drawn from the e.xperiment of 
Table II and similar e.\perinients: 

1. ST]\I reduced growth in light to a level 
equal to or lower than that in darkness. 

2. Growth in darkness was unaffected. As a 
corollary, ST^I did not interfere with the 
utilization of externally supplied substrates, 

3. Certain amino acids (alanine and gluta- 
mate) w'ere good substrates for growth in 


TXBEE II. 

Effect of Varying ConceiitratioiiS of Streptomycin (STM) and of Various Substrates in Light and in 

Darkness. Growth expressed as cells/nim-'^ 


Light 


Darkness 


^No STM STM STm” No ST:M STM STM 
STM 100;ig/ml 1000 ;/g/ml 5000 ;ig/ml STM 100 jug/nil 1000 /ig/ml 5000 ^g/ml 



G 

G 

TV 






No substrate 

1300 

410 

8 

0 

S 

10 

13 

‘51 

N.a but^Tate 

G 

TV 

TV 

TV 





0.15% 

1900 

760 

480 

238 

950 

680 

720 

SSO 

Na H glutamate 

G 

G 

TV 

TV 





0.3% 

1950 

750 

13 

43 

204 

17S 

190 

1S9 

Alanine 

G 

G 

TV 

TV 





0,25% 

980 

300 

190 

132 

360 

420 

320 

410 

Glucose 

G 

G 

TV 

TV 





1.0% 

1380 

240 

24 

42 

430 

158 

1 

1 

t 

i 

1 

147 

W — white, Gr — green. 

All cells in 

darkness were 

white. 






pure culture, were stimulated several hun- 
dred-fold by, or required absolutely, an un- 
identified growth factor present in relatively 
very high concentration in liver concentrates 
refined for parenteral treatment of pernicious 
anemia. It w^as thenceforth simple to devise 
reproducible media virtually devoid of utiliza- 
ble carbon and energy sources (‘^substrate”), 
but which allowed very heavy growth in light 
or darkness when appropriate substrates^ were 
added. A medium used in initial studies of 
bleaching is shown in Table I. This medium, 

2Hutuer,^IL, TraVs. V. Y. Acad. Sci., Ser. II, 
194S, 10, 136. 


darkness, although they accelerated growth in 
light only slightly; they were inferior how- 
ever to certain lower fatty acids (represented 
in Table II by butyrate). 

In later experiments, a comp«irison w'as 
made of the action of STM upon cells grown 
under conditions permitting active prolifera- 
tion as contnistcd with non-proliferating cells. 
To cope with the po-ssibility that STM- treated 
cells might acquire additional nutritional re- 
quirements, or that STM-<fependent individ- 
uals might arise, the e.vpen*ment.s were de- 
signed as follows: (a) Proliferating conditions 
were obtained by using a medium containing 
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butyrate, glutamate, tryptic digest of casein 
(Sheffield’s “N-Z-Case”) 0.3%, solubilized 
liver (Wilson’s fraction “L”) 0.02%, and 
yeast extract (Difco) 0.04%. This portion of 
the experiment was conducted in light and 
darkness with varying time of exposure to a 
constant concentration of STM (100 /ig/ml), 
and with varying concentrations of STM with 
constant time of treatment (IS days). Flasks 
were inoculated with one drop of a normal 
green culture. At the end of the experimen- 
tal periods, 1-drop transfers were made into 
duplicate flasks containing the same medium, 
one set having 100 ^tg/ml STM, the other 
set without STM. The original cultures and 
the transfer cultures were then incubated in 
light for observation of the degree of bleach- 
ing. (b) Exposure to STM under non-prolif- 
erating conditions was obtained by first grow- 
ing the cultures in light for 2 weeks in a sub- 
strate-free medium similar to that in Table I, 
thus making the cells wholly dependent on 
photosynthesis for energy and carbon. The 
cultures were then moved into darkness, and, 
after a 24-hour period to allow the dissipation 
of reserve food, treatment with STM was be- 
gun and carried out in darkness. At the end 
of the periods of exposure, 1-drop seedings 
were made as before into the complex medium, 
again with and without STM, and the cultures 
incubated in light. The salient observations 
from these experiments were: 

1. There was a smoothly progressive bleach- 
ing of the cultures with increasing duration of 
e.xposure and increasing concentration of 
STlvI. The secondary cultures in STM-free 
media accurately reproduced the gross aspect 
which the primary culture had at the moment 
of transfer, if a small allowance be made for 
the slight selective advantage of the green 
cells in light. 

2. There was no difference in the degree of 
bleaching between proliferating and non-pro- 
liferating cultures, either in respect to the 
necessary duration of e.xposure to STM or to 
the concentration of STM required. There 
was no difference in these respects between 
light- and dark-treated cultures under pro- 
liferating conditions. 

3. There was no evidence of development 


of STM-dependency, even in cultures e.\posed 
for 2 weeks to 1000 /xg/ml. 

4. With STM constant at 100 ^g/ml, an 
exposure of 1 to 8 hours was required for loss 
of roughly 50% of the color, and 4 or more 
days for apparently complete bleaching. 

5. With constant time of exposure (15 
days), 1 ftg/ml gave roughly 50% loss of 
color, and bleaching was nearly complete with 
40 ftg/ml. 

6. Preliminary microscopic examination of 
partly bleached mass cultures showed them 
to consist of both pale and of almost fully 
green individuals. However a few green cells 
had only 1-2 somewhat ill-defined chloro- 
plasts instead of the normal number (about 
10), Also, some green cells did not have 
chloroplasts of normal thickness. Aged white 
cells, derived both from primary treated cul- 
tures and from subcultures, accumulated an 
unusually large number of red granules as 
compared with aged untreated green cells or 
with cells of Astasia. The stigma and para- 
mylon grains remained permanently unaltered 
in all colorless cultures. 

Similar experiments on a restricted scale 
were carried out with E. gracilis var. nrophora 
and the classical Pringsheim strain. Bleached 
cells of E. gracilis var. nrophora have now 
been carried through 5 transfers in light on 
STM- free media, and E. gracilis var. bacillaris 
through 9, and the Pringsheim strain through 
2, without the least resumption of color. 
Parallel tests on several species of Astasia 
showed that like E. gracilis in the dark they 
were not inhibited by 5000 /xg/ml STM, the 
highest concentration tested, 

Dhciissian. “Directed evolution” has so far 
been achieved only in bacteria, as in the 
interconversion of types of Pneumococcus’^ 
and of Escherichia colP under the influence of 
specific nucleoproteins. The change to the 
non-chlorophyll condition (apochlorosis) de- 
scribed here falls rather into the special class 
of “loss mutations” (“pertes de fonctions”) 

3 ZiXeCarty, M., Taylor, H. E., and AveryTo^ T^, 
CoM Sprinrj Harbor Quant. Biol,, 104C, 

11 , ir?. 

^Boivin, A., Cold Si)n)if; Harbor Si/mpoaia 
Quant. BioL, 194C, 12, 7. 
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discussed by Lwoff.^ That this change fol- 
lows a well-established evolutionary path is 
suggested by the following considerations: 

1 . Permanently colorless euglenoids similar 
to E, gracilis are abundant in nature, and are 
referred to the genus Astasia.^ Some species 
of Astasia have a stigma like that in the 
colorless strains here derived from E, gracilis, 

2. The euglenoids, as compared with other 
algae, have one of the richest arrays of color- 
less counterparts of green species.^ 

3. As already mentioned, the strains of 
E. gracilis tested all grow well in darkness 
when provided with suitable substrates in a 
good basal medium and permitted free ac- 
cess to atmospheric oxygen, indicating that 
the loss of photosynthesis does not here in- 
volve a profound alteration in metabolism. 

4. Colorless euglenas have been reported to 
arise spontaneously in artificial culture (see 

for references). 

Sexuality is lacking in euglenoids and 
therefore it is impossible to determine here by 
the methods used for higher plants whether 
bleaching is a purely cytoplasmic phenomenon 
or involves a certain measure of conventional 
genic control — the classic problem of plastid 
autonomy. Another related question is 
whether bleaching, permanent or temporary, 
can be induced in forms which retain chloro- 
phyll when grown in the dark. 

In photosynthetic bacteria, as in blue-green 
algae, chlorophyll is not localized in plastids. 
Strains of purple bacteria (Athiorhodaceae) 
adapted to aerobic conditions, grow well in 

5l,woff, A., Xr’Evolutioii Pbysiologique. Etude 
des Pertes do Fonctions Chez les :Mieroorgan- 
ismes. Paris; Hermaiiu et Cie, 1943, pp. 308. 

C Pringsheini, E. G., HioJ, Jtcv. Cmnh.y 1948, 

46. 


darkness aerobically, with retention of charac- 
teristic color, although the pigments are dp 
minished in amount." When 5 strains of purple 
bacteria, representing 5 species, ivere treated 
with ST;M, the sharp inhibition of growth was 
the same in light and darkness, and there 
were no obvious changes in color in partially 
inhibited cultures. 

During the preparation of this paper, 
articles by von Euler and Bracco^ were re- 
ceived. They found that seeds germinated 
in STM solutions rfeveloped into seedlings 
whose leaves showed chlorophyll deficiencies 
associated with colorless or structurally defec- 
tive plastids. They did not report obser\^- 
tions beyond the seedling stage. 

The effectiveness in respect to Eiigkna- 
bleaching of portions of the STM molecule, 
and of other antibiotics, actinomycete and 
non-actinoniycete in origin, is being studied; 
such data should determine whether the 
bleaching phenomenon may be used as a 
specific test for streptomycin, and sliould also 
furnish some indication as to the mode of 
action of STM, 

Summary. When acted upon by strepto- 
mycin, certain strains of Englena gracilis 
undergo a permanent loss of chlorophyll, 
without being inhibited in growth if good 
energy and carbon sources are supplied to 
make up for the loss of photosynthesis. The 
degree of bleaching is proportional to the 
degree of exposure to streptomycin. Prolif- 
erating and non-proliferating cells, and cells 
exposed in the light and in the dark, appear 
equally susceptible to bleaching, 

TvaixNicl, C. B., liev., 1944, 8, 1. 

8 Euler, H. v., Ar7;iv /. Kcm., J/i/i., GeoL, 1948, 
*i5A, 1; Braeco, M., and Euler, H. v., Kcm, Arb, 
II, 1948, to, 1; Bracco, ^L, and Euler, H, v., 
Kern. Arh. II, 1947, 10, 1. 
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Absorption of Aortic Atherosclerosis by Choline Feeding * 

Lester M. Morrison and Amerigo Rossi. 

Frovi the Hunterian Laboratory, Department of Experimental Meilicine and Internal Medicine, 
College of Medical Evangelists, Los Angeles. 


A previous report by the authors described 
the preventive action of choline against the 
development of atherosclerosis of the aorta 
in a series of rabbits fed cholesterol and cho- 
line simultaneously.^ Steiner^ found highly 
suggestive evidence that 0.5 g of choline daily 
caused some reabsorption of atheromatous le- 
sions produced in the aortas of 6 rabbits by 
cholesterol feeding for 170 days. In 4 other 
rabbits similarly treated by Steiner, choline 
failed to cause significant aortic atheromatous 
reabsorption. The present study was under- 
taken to determine whether choline could ef- 
fect reabsorption of aortic atheromatosis in a 
larger series of rabbits fed double the dose of 
choline heretofore employed and studied over 
twice as long a period of time. 

Anitschkow,^ Scarff,"^ and other have dem- 
onstrated that the characteristic atheromato- 
sis of the aorta does not disappear after with- 
drawing cholesterol from the diet of rabbits. 
This atherosclerosis persists up to 815 days 
after cholesterol withdrawal from the diet, in- 
dicating that spontaneous reabsorption of the 
aorta does not occur. 

Forty-four white male rabbits approximate- 
ly 3 months old, who were litter mates were 
used in this study. These animals were di- 
vided into Groups A and B each containing 

* Aided by grants from Commercial Solvents 
Ph.-irmaceuticals and the American Medical Asso- 
ciation, Council on Chemistry and Pharmacy, 
Committee on Therapeutic Research. 

Appreciation is herewith expressed to Drs. 
Walter E. Maephersou and Harry A. Davis of the 
College of Medical Evangelists for their aid in 
this investigation. 

1 ^lorrisou, L. M., and Bossi, A., to be published. 

-Steiner, A., PROC. Soc. Exp. Biol, .vnd Med., 
1038, at), 411. 

^Anitschkow, X., Vcrliandl. d. deutsch. path. 
GeseUsch., 1028, 473. 

■4 Scarff, K. W., J. Path, and Bad., 1027, 30, 
C47. 


21 and 23 animals respectively. All the ani- 
mals were individually fed 0.5 g of cholesterol 
daily with a basic diet of Purina Chow for 
184 days. The cholesterol was mixed ivith 
the chow as prepared especially for this 
study by the Golden State Milling Co. of 
Downey, Calif. The rabbits took their feed- 
ings without difficulty and showed a gain in 
weight in each instance. 

At the end of the 184-day cholesterol feed- 
ing period and the cholesterol feedings were 
stopped in all animals. The regular chow 
diet was then given to the 2 1 Group A animals 
for 185 days; the animals were then sacrificed. 
After the discontinuation of the cholesterol 
feedings 23 Group B animals were fed 1.0 g 
choline daily for 185 days mixed with the 
chow as above. The animals took these feed.- 
ings without difficulty, gaining weight and 
showing normal activity in all cases. At the 
end of the 185-day period the animals were 
sacrificed. 

At postmortem examination the grade of 
aortic atherosclerosis was described as O when- 
ever no involvement of the aorta by athero- 
sclerosis was grossly visualized or palpated by 
the examining fingers. Grade 1 was employed 
to describe a slight degree of atherosclerotic 
involvement of the intima of the aorta. Grade 
2 described moderate atherosclerosis of the 
aorta. Grade 3 indicated marked athero- 
sclerosis. Grade 4 described complete ather- 
osclerotic involvement of the surface area of 
the aorta. 

Table I, Group A — the 21 control rabbits 
fed cholesterol alone for 182 days then the 
regular diet for 185 days showed at autopsy 
aortic atherosclerosis of varying degree in 
each animal. 

Table I, Group B— the 23 rabbits fed 
cholesterol alone for 182 days, then the 
regular diet with 1.0 g choline daily for 185 
days showed aortic atherosclerosis at autopsy 
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TABLE I. 


Atherosclerotic Involvement of the Aorta iiv Babbits Ped 0,5 g Cholostofol Dally for IS4 Days. 


Grade of involvement 

0 . 

1 

o 

3 

4 

Total atfcctcd 

No. of rabbits 

0 

o 

3 

5 

11 

21 

% of rabbits affected 

0 

9% 

1-1% 

24% 

53% 

100% 



TABLE II. 




Atherosclerotic Involvement of the Aorta in Babbits Ted 0.5 g Cholesterol Baih’ for lS*t Days, 


Then 1.0 g Choline Daily for ISo Days. 



Grade of involvement 

0 

1 

o 

3 

4 

Total affected 

No. of rabbits 

IT 

4 

o 

0 

0 

23 

% of rabbits affected 

74% 

17% 

9% 

0 

0 

25% 


in 26fo of animals. Seventy-four percent of 
animals were free of demonstrable aortic 
atherosclerosis. 

Conclusion, Choline caused reabsorption 


of aortic atherosclerosis in the majoriti' oi 
rabbits ivhose lesions had been produced by 
cholesterol feeding. 
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The Relationship of Heparin Activity to Platelet Concentration. 

C. Lockard Conley, Robert C. Hartmann and John S. Lalley. 
(Introduced by G. S. Mirick.) 

From the Department of Medicine, Johns Doplcins University amt DospiioJ, Baltimore, Mil 


An increased susceptibility of tlirombo- 
cytopenic blood to heparin has recently been 
reported by Allen and his associates^ These 
authors found that following the addition of 
a standard concentration of heparin to blood, 
more protamine sulfate was necessary to re- 
store the normal clotting time in thrombo- 
cytopenic blood than was required by normal 
controls. They interpreted this observation 
as suggesting that in thrombocytopenia an 
increased amount of a heparin-like substance 
may be present in the blood. Studies in our 
laboratory” on 12 patients with hemorrhagic 
diathesis associated with Uirombocytopenia 
in no instance revealed evidence of a circulat- 
ing anticoagulant. It therefore seemed quite 
plausible that the increased susceptibility of 
thrombocytopenic blood to heparin niayj^e 

r Allen, J. G., BoKarilua, G., Jnviobsuin L. O.. .and 
Spurr, G. L., Ann, Int, JUd,, 1.0*17, 

Conley, C. L., Ilnrtmuiui, C., and ^forse, 
W, I., II, DiiU, Johns J/opJjins Jfosp., in iness. 


a direct result of the decreased number of 
platelets present. 

Experiments. Using silicone- treated ap- 
paratus and high speed centrifugation (12,000 
to 14,000 RPM, 17,500 to 22,000 g's) at low 
temperature (4‘^C), platelet-free plasma was 
obtained from normal individuals witliout 
the use of anticoagulants. This plasma could 
be kept fluid in iced silicone-treated tubes for 
at least several hours. Platelet-rich plasmas 
were obtained by a similar technic except that 
the blood was centrifuged only at 3000 RPM 
(about 1300 g) for 5 minutes. Platelet counts 
\Yere performed on these plasmas, these two 
plasmas u’ere mixed in different proportions 
and varying amounts of heparin* added. Clot- 
ting times of these plasmas in ghiss tubes 
were then determined using a 3 tube method 
at 37=C. Results are shown in the table. 

These results clearly intiicatc that the 

•.Solution of lioparin (sodium Milt), lA*dcrlo 
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TABLE I - 
Experiment 1. 

Clotting Times of Plasma Samples Containing Varying Numbers of Platelets and Concentrations of 
Heparin as Indicated. The clotting times were determined simultaneously on samples derived from 
pooled plasma specimens. Clotting times of each of the 3 tubes are recorded. 


Clotting times in minutes of 1.0 ml portions in glass tubes at 37®C 


Heparin 
(mg per ml 
of plasma) 

/ 

■Whole blood 
(Platelets 
190,000 
per emm) 

^ ' Platelet-rich ’ ' 
plasma 
(Platelets 
420,000 
per c mm) 

<< Platelet-free^^ 
plasma 90% 
'‘Platelet -rich’' 
plasma 10% 
(Platelets 
42,000 
per emm) 

“Platelet-free'’ 
plasma 95% 

' ' Platelet-rich ' ' 
plasma 0 % “ 

(Platelets 
21,000 
per emm) 

Platelet-free" 
plasma 
(Platelets 2 
per enjin) 

0 

(1) 14 

(1) 12 

(1) 12 

(1) 12 

(1) 

16 


(2) 15 

(2) 12 

(2) 16 

(2) 18 

(2) 

16 


(3) 10 

(3) U 

(3) 16 

(3) 18 

(3) 

20 

0.00025 

(1) 

(1) 

(1) - 

(1) 10 

(1) 

44 


(2) — 

(2) — 

(2) — 

(2) 24 

(2) 

78 


(3) -- 

(3) 

(3) — 

(3) 28 

(3) 

Partial clot 







in 24 hrs. 

0.0005 

(1) ~ 

(1) -- 

(1) 12 

(1) 60 

(1) 

No clots 


(2) 

(2) — 

(2) 30 

(2) 89 

(2) 

in 24 hrs 


(3) — 

(3) 

(3) 36 

(3) 98 

(3) 


0.001 

(1) 15 

(1) 15 

(1) 32 

(1) 38 

(1) 

No clots 


(2) Ifi 

(2) IG 

(2) 53 

(2) Partial 

(2) 

in 24 hrs 


(3) 20 

(3) 20 

(3) 66 

(3) clots in 

(3) 






24 hrs 



0.01 

(1) 7hrs 

(1) 51 

(1) No clots 

(1) No clots 

(1) 

No clots 


(2) No clots 

(2) 113 

(2) in 24 hrs (2) in24hr3 

(2) 

in 24 hrs 


(3) in 24 hrs 

(3) Partial clot (3) 

(3) 

(3) 




in 24 hrs. 





Experiment 2, 



Whole blood 
(Platelets 
210,000 
per emm) 

“Platelet-rich" 
plasma 
(Platelets 
448,000 
per cmin) 

" Platelet'frce ' ' 
plasma 90% 

' ' Platelet -rich" 
plasma 10% 
(Platelets 
44,800 
per emm) 

' ' Platelet-free ' ’ 
plasma 95% 

' ' Platelet-rich ’ ’ 
plasma 5% “ 

(Platelets 
22,400 
per emm) 

Platelet-free" 
plasma 
(Platelets 4 
per emm) 

0 

(1) 11 

(2) 15 

(3) 16 

(1) •i 

(2) 8 
(3) 10 

(1) 10 

(2) 14 

(3) 17 

(1) 10 
(2) 14 
<3) 16 

(1) 10 
(2) 10 
(3) 17 

0.00025 

(1) -- 
(2) -- 
(3) --- 

(1) 10 

(2) 14 

(3) 24 

(1) 10 

(2) 14 

(3) 21 

(1) 19 

(2) 37 

(3) 60 

(1) 23 

(2) Partial clots 

(3) in 24 hrs 

0.0005 

(1) 

(2) 

(3) 

(1) n 

(2) 20 
(3) 28 

(1) 23 

(2) 26 
(3) 31 

(1) 14 

(2) 35 

(3) 56 

(1) Partial clots 

(2) in 24 hrs 

(3) No clot 

in 24 hrs 

0.00 1 

(1) 22 

(2) 24 

(3) 29 

(1) 11 

(2) 22 
(3) 26 

(1) 19 

(2) 54 

(3) 65 

(1) 41 

(2) 65 

(3) 90 

(1) Partial clot 

in 24 hrs 

(2) No clots in 

(3) 24 hrs 

O.OI 

(1) 60 

(2) No clots 

(3) in 24 hrs 

(1) 41 

(2) 93 

(3) 13S 

(1) No clots 

(2) in 

(3) 24 hrs 

(1) No clots 

(2) in 

(3) 24 hrs 

(1) No clots 

(2) in 

(3) 24 hrs 
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TABI/E I (Continued), 
Experiment 3. 



Clotting times 

in minutes of 1.0 ml portions in glass tubes at 37®C 

Heparin 
(mg per ml 
of plasma) 

‘^Platelet-rich^^ 
plasma 
(Platelets 
208,000 
per cmm) 

“Platelet-free^^ 
plasma 25% 
Platelet-rich” 
plasma 75% 
(Platelets 
156,000 
per cmm) 

“Platolet-frce'’ 
plasma 50% 
“Platelet-rich” 
plasma 50% 
(Platelets 
104,000 
per cmm) 

' A 

“Platelet-free” 
plasma 
(Platelets S 

1)0 r cmm) 

0 

(1) 5 

(1) 7 

(1) 5 

(1) 7 


(2) G 

(2) 9 

(2) 9 

(2) 13 


(3) 7 

(3) 9 

(3) 12 

(3) 21 

0.001 

(1) U 

(1) 12 

(1) IG 

(1) 25 


(2) 24 

(2) 20 

(2) 27 

(2) 67 


(3) 32 

(3) 29 

(3) 41 

(3) 91 

0.005 

(1) 24 

(1) 25 

(1) 36 

(1) Xo clots 


(2) 52 

(2) 73 

(2) 52 

(2) in 


(3) 81 

(3) 100 

(3) 83 

(3) 3 hrs 

0.01 

(1) 36 

(1) 44 

(1) 91 

(1) Xo clots 


(2) 74 

(2) 108 

(2) No clots 

(2) in 


(3) 105 

(3) No clot 
in 3 lira 

(3) in 3 lirs 

(3) 3 hrs 


delaying or inhibitory action of heparin on 
the clotting of normal plasma is inversely re- 
lated to the concentration of platelets present. 

Discussion, The interpretations of several 
clinical tests for detecting hypo- and hyper- 
coagulability of blood have been based on 
rather uncertain theoretical grounds. One of 
these is the test devised by Allen and his asso- 
ciates^ for determining the existence of an 
increased amount of a heparin-like substance 
in thrombocytopenic blood. Our observations 
show that the results of their tests can be ex- 
plained by the variation in the platelet con- 
centration alone. 

The “heparin tolerance test”^ has been pro- 
posed as a means of measuring the tendency 
to intravascular clotting. Although this test 
has been used in clinical studies, the variables 

3 de Takats, G., Surg.j Gyn,, and Ohs., 1943, 77, 
31. 


which determine its results, have been to a 
large extent unknown. Our experiments sug- 
gest that one factor which may influence tlie 
results of this test is the number of platelets 
present. 

In tests in which there is a minimal agita- 
tion of normal platelet-free plasma, the addi- 
tion in vitro of heparin to a final concentra- 
tion of 0.0005 mg per ml completely inhibits 
coagulation in glass tubes at 37®C . Normal 
platelet-free plasma to which no anticoagu- 
lant has been added invariably clots when 
transferred to glass tubes at 37°C. It there- 
fore seems reasonable that the amount of 
active heparin present in normal plasma is of 
the order of magnitude of 0.0005 mg per ml 
or less. 

Conclusions. 1. The concentration of hep- 
arin required to inhibit or delay coagulation 
is directly related to the number of platelets 
present. 
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2. The increased susceptibility of thrombo- 
cytopenic blood to heparin is a direct mani- 
festation of the decreased number of platelets 
present and does not necessarily indicate the 
presence of a heparin-like substance. 

3. One variable which may influence the 


results of the “heparin tolerance test” is 
the number of platelets present. 

4. Our results suggest that the amount of 
active heparin present in normal plasma is 
very small and at least of the order of magni- 
tude of 0.0005 mg per ml or less. 


16694 P 

Effects of Electro-Convulsive Shock on Pregnancy in the Rat.* 

R. L. Bacon and H. E. Rosvold. (Introduced by Calvin P. Stone.) 
From the Vepariinents of Anatovnj and Fsychologify Stanford University. 


In an investigation of the effects of electro- 
convulsive shock on the maternal behavior of 
the white rat, Rosvold^ found that females 
did not bear litters if shocked within 12 to 
15 hours after copulation and once daily for 
14 days thereafter. The rats received 45 
milliamperes for 0.2 second through alligator 
clips attached to the ears. This strength of 
current invariably induced a complete tonic- 
clonic convulsion. 

Gross examination at autopsy suggested 
that the fetuses were being resorbed. No his- 
tological study of the uteri, ovaries, or pitui- 
taries was made in the original experiments. 
Accordingly a series of experiments was re- 
peated in order to permit microscopic study 
of these organs under various conditions ■with 
respect to the number of shocks and the time 
of their administration. This preliminary 
report is based on the study of 24 healthy nul- 
liparous females, about 100 days of age in 
which mating was observed in the evening 
and vaginal plugs found on the following 
morning. The animals were divided into 3 
groups and shocked according to the follow- 
ing schedules: 

Group I. Five animals shocked once, 12 
hours after mating. Three controls mated at 
the same time, but not shocked. 

* Supported by a grant from the Scottish Rite 
Fund, administered at Stanford University by 
CaMu r. Stone. 

I Rosvold, K. E., Doctoral dissertation, Stanford 
University, 194S. 


Group II. Five animals shocked once 
daily for 6 days beginning 12 hours after 
mating. Three controls mated at the same 
time, but not shocked. 

Group III. Five animals shocked once 
daily for 11 days beginning 12 hours after 
mating. Three controls mated at the same 
time, but not shocked. 

All animals were sacrificed with ether on 
the eleventh day after copulation and . the 
uteri, ovaries, and pituitaries removed at once 
and fixed in Bouin’s fluid. Table I indicates 
the results observed at autopsy. The uteri 
of all the controls contained normal embryos 
of the 11th day of development. 

In the two uteri of Group II which showed 
resorption of the embryos, the remnants of 
the implantation sites were located on the 
antimesometrial side of the uterus. In all of 
the animals of Group III the implantation 
sites ■were located on the meso me trial side of 
the uterus and were reduced to from 1/2 to 
1/5 the size of those in the uteri of control 
animals. 

For this preliminary study a randomly se- 
lected implantation site from each animal was 
sectioned serially at 10 y. and stained with 
hematoxylin and eosin. Sections of ovaries 
were stained with hematoxylin and eosin, and 
pituitaries with Mallory-azan. 

In the uteri of the two animals of Group 
II in which the conceptuses were undergoing 
resorption, the deciduae were apparently 
normal and contained -many giant cells, but 
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TABLE I. 

Effects of Electric Shock on Bats Autopsied oa the lltli Day o£ Pregnancy. 


Uteriue contents 

Group No, No. of animals No. of shocks Normal Eesorbing 


IX 5 <5 3 

III o 11 0 


Control animals are not included. 


appeared in a condition to be expected at 7 
or 8 days of pregnancy rather than at 1 1 days. 
Some proliferation was occurring as indi- 
cared by the presence of a few mitotic figures 
in each section. The embryos, however, were 
similar in stage of development to normal 
embryos of the 6th day but were disintegrat- 
ing. In the uteri of all animals of Group III 
the entire decidua was disintegrating and no 
embryonic tissue could be found. The uterine 
lining was being reconstituted so as to e^yel 
the entire necrotic mass into the lumen. The 
uteri of the 3 unaffected animals contained 
normal embryos. 

The pituitaries of all of the affected animals 
in Group II and III showed some degranula- 
tion of the acidophils and, although no 
measurements were made, the basophils ap- 
peared reduced in size when compared with 
those of the controls. The pituitaries of the 
unaffected animals did not show these 


changes. The ovaries of all the affected 
animals showed many degenerating corpora 
lutea and a few which were histologically 
normal, but smaller than those of controls. 
The ovaries of the unaffected animals were 
essentially normal. 

Summary, A single electro-convulsive shock 
administered to 5 pregnant rats 1 2 hours after 
mating had no effect on the course of preg- 
nancy. Of 5 rats shocked once daily for 6 
days beginning 12 hours after copulation, on 
the eleventh day 2 showed some degranula- 
tion of pituitary acidophils, slight reduction in 
size of basophilsj small or degenerating cor- 
pora lutea and degenerating retarded enibr>’03 
in the uteri. All animals similarly shocked 
for 11 days, showed the same pituitary and 
ovarian changes, and, in addition, complete 
destruction of the fetuses with necrosis and 
sloughing of decidua into the uterine lumen. 


16695 

Effects of Acute Intermittent Anoxia Upon Urinary Volume, Specific 

Gravity and Chloride. 


L. Van Middlesworth, R. L. Banner, F. Lawson and E. ^1. Cox. 
(Introduced by J. P. Quigley.) 

Froni the Department of Phpsiolopt/y University of Tennessee, Memphis, Tcnn, 


Silvette^ demonstrated a 300% increase in 
urinary volume of rats expvosed to 2S2 mm 
Hg barometric pressure for S-hour periods^ 
Ten human subjects ex posed by Armstrong-- 

iSUvette, H., Am. J. Physiol, 110, 374. 

e Armstrong, H. G., Principles and P^ictiee of 
Aviutiou Medicine, The Willlruna and ^Vilkiu3 Co., 
Baltimore, 1939, p» 284. 


to simulated 12,000 ft. for 4 and 7 hours in 
a low pressure chamber excreted 100 to 300% 
more urine than at sea level and the urinary 
specific gravity fell as low as i.0I6. Pincus 
and Hoagland^ observed a polyuria in men 
exposed to reduced o.xygen pressure. Burrill, 

apiijcus, G., iUid Hoaghnd, lU, J. Aviation 
McA, 1943, li, 173. 
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Preeman and Ivy^ detected a slight increase 
in urinary volume and chloride content in men 
exposed to 18,000 ft. for 2-hour periods. 
Langley and Clarke'^ and Lewis et alP re- 
ported a polyuria in unanesthetized dogs ex- 
posed for prolonged periods to 18,000 and 
20,000 ft. altitude equivalents. 

The present investigation Avas undertaken 
to determine the effects of severe anoxic con- 
ditions upon urinary volume, specific gravity 
and chloride excretion at various stages of 
the anoxic period. In the work of earlier 
investigators anoxic exposures have been made 
over several hours and in such experiments 
the initial urinary changes have been masked 
by changes of a different character occurring 
during a latter portion of the anoxic period. 

Methods. Adult Long-Evans rats, male 
and female, were exposed to reduced baro- 
metric pressures in chambers described by 
Van ^liddlesworth et al? and urine collections 
were made after the method of Silvette.^ All 
exposures to reduced pressure were made at 
258 mm Hg (equivalent 27,000 ft.) at 23- 
26''C. The method differed from those of 
earlier investigators in that samples were 
collected every hour. This necessitated re- 
turning the animals to sea level pressures for 
3 minutes at the end of each hour, returning 
the animals to the chambers, and redecom- 
pressing for another hour. This procedure 
was repeated until an anoxic interval of 3-5 
hours had accumulated. 

Urinary specific gravity was determined 
by the falling drop method, in which a stan- 
dard drop was allowed to fall through a 124 
cm column of benzene and the falling time 
(range 11.0-13.0 sec.) was measured to within 
0.02 sec. Chloride analyses were made on 1 
cc of urine by means of the Volhard-Harvey 
technic.^ Urine collections from control 
animals were made over 4-6 hour periods, and 

» llurnU, M. \V., Kri‘em:jn. S., and Iv,v, A. C., 
♦f. lUol. Chvui.. 1045, 1G7, 207. 

5 Langley, L. L., and Clarke, R. \V., Ta^c Bio?. 
and ^(al, 1042. 14, 520. 

« Lewis, K. A„ Thorn, G. W., Koepf, G. P., and 
Dorrauce, S,, ./. riin. Invest.^ 1042, til, 33. 

» Van MiddK-sworth, L., KUue, R, F., and Brit- 
ton, S. AV,, .4»u J. Phyaiol.. 1044, 140, 474. 

S Harvey, S. C., jTch, Inf. Mrd.^ 1010, C, 12. 


the average excretion, per hour was taken as 
the control value. All animals were fed ad 
libitum, but water was usually withheld for 
2 hours before each experiment. The manipu- 
lations associated with the changing of the 
environmental pressure failed to modify the 
urine volume in 12 control animals sub- 
jected to the reduced barometric pressure 
(258 mm Hg) for 2 minutes before and after 
the control period. The urine volumes 
were essentially the same (0.10-0,16 cc/100 
g/hr) as those animals simply allowed to 
remain continuously at sea level. No rats 
were used more than once in a 4 week period ; 
thus the possibility of acclimatization was 
avoided. Over 100 rats were used throughout 
the investigation, 

Residts, One hour exposure to 258 mm 
Hg barometric pressure resulted in a drastic 
increase in urinary output (Fig, lA). This 
increase ranged usually from 3-11 times the 
normal value. Temperatures around 24°C 
and adult female rats usually tended to pro- 
duce the greatest volume of urine although 
occasionally female animals exhibited mini- 
mal effects. Young adult male animals often 
produced only the lower volumes. After the 
polyuria of the first hour, the rate of urinary 
excretion decreased but still averaged above 
normal for the duration of the experiment. 

The specific gravity of the abundant first 
hour urine usually ranged from 1,004 to 
1.010 (Fig. IB), After the first hour, the 
specific gravity also began to approach con- 
trol values but did not attain the original 
level during the experimental period. 

Urinary chloride was greatest in the most 
dilute, most abundant urine (Fig. 1C) and 
the chloride concentration was drastically re- 
duced as the total solid content increased with 
continued anoxia. After 3 hours at these 
severe hypoxic conditions, the detectable 
chloride had almost disappeared from the 
urine. 

One series of experiments was designed to 
determine the effect of the dehydration of the 
first hour exposure. Four groups of 3 rats 
each were given a saline solution at the end 
of each hour of altitude ex^posure. The same 
volume and chloride content as had been ex- 
creted in the previous hour urine collectioa 
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was injected intraperitoneally. The subse- 
quent urine volumes, specific gravity and 
chloride analyses are within the same ranges 
as the uninjected rats (triangle values in 
Fig. 1.) Apparently more comprehensive 
analyses for additional urinary components 
will be necessary for interpretation of the 
changes observed in urinary excretion during 
hypoxia. 

Summary, The first hour exposure of rats 
to 258 mm Hg barometric pressure resulted 
in a 3 to 11 (average 7) fold increase in urine 


IN Acute Hypoxia 



Fig. 1. 

Changes iii urinary volume, specific gravity and 
chloride content during intermittent exposures to 
258 mm barometric pressure. 

Each point represents 3 rats. 

Solid points are controls. 

Open circles are experimental animals given no 
water during and immediately preceding exposure. 

Triangles indicate cases injected each hour with 
water and chloride equivalent to the amount lost. 


production. This increase in volume was ac- 
companied by a marked fall in specific 
gravity (1.004 to 1.012, average 1.008). At 
the end of the third hour of intermittent an- 
oxia the urinary volume and specific gravity 
approached normal sea level values. The 
chloride content, on the other hand, was 
greatest in the very dilute and abundant urine 
of the first hour and the chloride content de- 
creased on repeated exposures until the more 
concentrated urine of the third hour con- 
tained practically no chloride. 
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Influence of Saliva upon Hemagglutination by Influenza Virus.* 
Thomas Francis, Jr. and Elva Minuse. 

Frcrni the Veparlment of Spidemiologu and the rims Laboratory, School of Fublio Health, 
ViliversiUj of Michigan^ Ann Arbor, Mieh. 


Study of the mechanisms involved in infec- 
tion and resistance to influenza virus led to 
the demonstration of a virus-inactivating 
property in nasal secretions and in sputum.^'- 
The bulk of evidence points to the probability 
that the essential agency is specific antibody.® 
Rose^ has continued further studies of human 
sputum, demonstrating wide variation in the 
capacity of different samples to neutralize in- 
fluenza virus. 

Recently several authors^^ have described 
the inhibition of the hemagglutinating action 
of influenza virus by carbohydrates and vis- 
cous materials. Although in an earlier study® 
saliva was not found to neutralize influenza 
virus in mice, the present study was under- 
taken to determine the effect of saliva upon 
hemagglutination since that fluid commonly 
contains a variety of substances similar in 
character to those shown to influence the 
action of virus upon erythrocytes in vitro. 

Materials and Methods. Collection and 
Treatment of Specimens. Twenty to 25 cc of 
saliva were collected without chewing, in 50 

* Thi3 investigation was conducted with the aid 
of the Commission on Influenza, Army Epidemio- 
logical Board, Oflice of the Surgeon General, 
"United States Army, Washington, D.C. 

t Burnet, P. M,, Lush, B., and Jackson, A. V., 
Brit. J. Ejcp. Path., 1939, 20, 377. 

- Francis, T., Jr., Science. 1940, 91, 198. 
^Francis, T., Jr., Tiie Harvey Lecture Series, 
1941-42, a7, 09. 

'* Rose, Hurry M., and Prince, Elcanora M., 
J. Ciiii. Invent., 1948, 27, 554. 

5 Green, R. H., and Woolcy, D. W., J. Kxp. SCcd., 
1947, 80, 05. 

« Friedewald, \V. F,, Miller, E. S,, and AVbatley, 
L. R., J. Exp. Med., 1947, 80, 05. 

* Burnet, F. M., McCreu, J. F., and Anderson, 
S. G., AtUurc, 1947, ICO, 404. 

» Ginsberg, H. S., Goebel, W. F., and Horsfall, 
F. L., Jr., J. Exp. Med., 1948, 87, 411. 


cc graduated centrifuge tubes. Specimens were 
centrifuged at 2000-2500 r.p.m. for half an 
hour to remove solid particles and mucus be- 
cause these substances were found to cause 
the chicken red cell suspensions to settle out 
on the bottom of the tubes in the same 
pattern as that seen with influenza virus and 
red cells. If supernatants were clear after 
centrifuging they were removed and used with 
no further treatment. However, when the 
specimens contained a great deal of mucus, 
further treatment was necessary. They were 
ground in mortars with alundum and centri- 
fuged again. If still not clear and free of 
mucus, they were filtered through cotton and 
gauze. Even then small amounts of mucus 
remained in some specimens. It most cases 
the saliva was used the same day as collected. 

Virus Strain. Allantoic fluid of the PR8 
strain of influenza virus Type A which had 
593 mouse passages and 71 egg passages was 
used in the majority of the experiments. In 
a few of the early experiments an eiuate pre- 
pared from the 65th egg passage and allan- 
toic fluid from the 70th egg passage of the 
same strain were used. 

Red Cell Suspensions. From a stock 10% 
suspension of washed chicken erythrocytes, 
0.25% suspensions were prepared daily. No 
cells more than 5 days old were used. 

Experimental. Effect of saliva on 
strain of influenza virus. Two-fold dilutions 
of virus \Yere made in 0.25 cc volumes of 
physiological salt solution. To each dilution 
0.25 cc of undiluted centrifuged saliva was 
added and mixed. This mixture stood at 
room temperature for 30-60 minutes before 
0.5 cc of 0.25% chicken red cell suspension 
was added. Control titrations of virus and 
saliva alone were carried out under the same 
conditions. 
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The effect of saliva on the hemagglutinating 
titer of the PR8 strain of influenza virus was 
to decrease it from 8 to 512 times. The 
amount of inhibitor in saliva varied from 
person to person as well as from day to day 
in the same individual. Results of experi- 
ments with saliva from one individual on 
6 occasions are showm in Table I. The results 
suggest that some deterioration of the inhibit- 
ing substance occurs on standing, even at 
4X. 

2. Inhibition tests with dilutions of saliva. 
An inhibition test was performed employing 
a procedure similar to that described by Salk.® 
Two-fold dilutions of saliva were made di- 
rectly in 0.5 cc of 0.25 9^? red cell suspension. 
To the dilutions of saliva, 0.5 cc of a I/IOOO 
dilution of PR8 virus was added. This 
amount of virus constituted a final dilution 
of two agglutinating units in each tube. 

This method of measuring inhibition by 
saliva, at first glance, did not seem to be as 
effective as that of the first experiments, 
owing perhaps to the fact that in the second 
type of test the saliva and virus do not stand 
together before the indicator (cell suspension) 
is added. Nevertheless, in terms of the hemag- 
glutinating units inhibited in the two types of 
test the differences are not great. The results 
with several specimens are shown in Table II. 

3. Effect of saliva on chicken red cells. 
From 3.5 to 4 cc of saliva were mixed wth 
8 cc of 0.25% chicken red cells and allowed 
to stand at room temperature for 30-60 
minutes. The specimens were thoroughly 
shaken several times during that period. The 
cells were centrifuged and resuspended in 
8 cc of fresh salt solution without washing. 
These cells were then added to a series of 
virus dilutions. A cell control of 0.5 cc salt 
solution and 0.5 cc of cells was included. 

It was found that when a specimen of 
saliva caused spontaneous agglutination of red 
cells, the cells continued to agglutinate even 
though removed from the mixture and re- 
suspended in fresh salt solution. In most 
cases treating cells with saliva had very little 
effect on the virus titrations. Thus the influ- 
ence of the inhibitor appears to be upon the 

OSalk, J. E., J. /mniHHot., 1041, 40, S7. 
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j-x. 

Effect of Saliva upon Hemagglutination of PBS Strain of Influenza Virus as Indicated by tne 

Inhibition Test. 


Specimen 

Bate of test 

Age of saliva 
in days 

Inllibition titer 
of saliva 

Aggl. units 
of virus 
inhibited 

B.B. 

2-23-48 

6 

< ^ 

0 


26 

0 

32 

64 


3- 2 

1 

6i 

128 


3 

1 

32 

64 


29 

0 

32 

64 

A.Z. 

17 

0 

8 

16 

J.Q. 

17 

0 

8 

16 

EAL 

2-23 

6 

< 4 

0 


3- 2 

X 

< 4 

0 


3 

1 

4 

8 


5 

0 

32 

64 


TABLE III. 

Lack of Effect of Saliva Upon the Agglutinabilit^^ of Chicken Red Cells. 







Aggl. units 




Age of saliva 
in da 3 's 

Titer of 

of virus 

Specimen 

Experiment 

Date of test 

virus 

inhibited 

Control 

0.5 cc 

With all 


4096 



virus dil. 

0.5 cc 

normal cells 

tests 




B.B. 

0.5 cc 

1-28-48 

0 

1024 

2 


virus dil. 

2-23 

6 

2048 

1 


+ 

0.5 cc cells 
saliva-treated 

26 

0 

2048 

1 

A.Z. 

7 7 

26 

0 

4096 

0 

J.Q. 

17 

28 

0 

4096 

0 

E.M. 

7 7 

22 

0 

256 

8 



27 

0 

512 

4 



2-23 

6 

2048 

1 


virus rather than upon the erythrocytes. 
The results shown in Table III illustrate the 
general lack of effect as well as the exceptional 
experience with saliva of E.AI. 

4, Etjcct of heating saliva and virus. 
Samples of saliva or virus were heated at 56°C 
for 30 minutes. All various combinations of 
the above tests were tried: 

(a) Constant amount of heated saliva 
added to serial dilutions of unheated virus. 

(b) Inhibition test-serial dilutions of 
heated saliva with constant amount of un- 
healed virus. 


(c) Unheated saliva added to heated virus. 

(d) Inhibition test — unheated saliva with 
heated virus. 

(e) Heated saliva added to heated virus. 

(f) Inhibition test — cheated saliva with 
heated virus. 

One effect of heating the saliva was the 
elimination of spontaneous agglutination of 
red cells by certain specimens. In only one 
case did heating the saliva fail to eliminate 
this influence. Othenvise the heating of virus 
or saliva exerted no significant effect upon 
the action of saliva, illustrating that in this 
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respect the inhibitory influence of saliva dif- 
fers from that of the normal serum inhibi- 
tor. 

Sufnma?y. Saliva of human adults p>os- 
sesses the capacity to inhibit agglutination of 
erythrocytes by influenza virus. Under the 
conditions of study the effectiveness varies 
among individuals and at different times. Its 
action is not significantly affected by heating 


at 56° C for 30 minutes; nor is its behavior 
influenced by heating of the virus. Never- 
theless, the action of the inhibitor appears 
to be upon the virus ratlier than upon the 
erythrocytes. The nature of the inhibitor has 
not been determined but it is suggested that 
saliva represents a physiologic source of ma- 
terials such as have been shown to interfere 
with hemagglutination in in vitro systems. 
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Alteration of Past enroll a pestis Bacteriophage Following Successive Trans- 
fer on Pastenrello pseiidotiibercalosis and on Shigellae. 

J. B. Gunnison and A. S. Lazarus.* 

’From iliG Division of Bacteriology, University of California 2{cdical Center, San Francisco, 


A previous report^ has described tlie activi- 
ty of a strain of Pasteiirella pestis bacterio- 
phage which was able to lyse 19 of 27 strains 
of Pasteiirella pseiidotiiberculosis and 6 of 37 
strains of shigellae. By repeated transfer on 
P. pseudotuberculosis (Spokane strain) this 
phage became adapted so that it lysed all 
27 strains of this species in high dilution. 
After transfer on shigellae, the phage increased 
its potency for sensitive strains of this genus. 
The present report describes the effect of 
successive transfer of the same P. pestis 
phage on P, pseiidotiiberculosis and on certain 
species of shigellae in various combinations. 

The methods used in this study have been 
recorded.^ All tests were incubated at 37°C. 
The transfers of phage were made by adding 
0.5 ml of the previous passage to 10 ml of a 
broth culture of bacteria about two hours old 
and incubating until clear. After about 5 
transfers no secondary'' resistant growth ap- 
peared and filtration of the lysate was un- 
necessary. The ^‘purified^’ P. pestis phage 
previously described was used as a starting 
point in this study. The bacterial cultures 

Present address: Popart jjirwt of Public Health 
and Preventive !Medicinc, University of ashing- 
ton School of Medicine, Seattle 5, Wash. 

1 Lazarus, A. S., and Gunnison, J. B., «/. Bad,, 
19^7, 705. 


were the same as those studied in the first 
report. Thirteen additional strains of P. 
pseudo tuberculosis were investigated, of 
which all but one were lysed by the original 
phage. 

In the first experiment, the P, pestis phage 
was transferred 22 times on P, pseudotubcrcu- 
losis (Spokane strain) and then five times 
on each of the following in succession: 5. 
dysenteriac (No. 44), 5. paradyscntcriac 
(type 103 No. 12), S. sonnet (No. 6), and 
5. ambigiia (No. 33). It was found that any 
significant change occurred within 5 tnins- 
fers on a given culture and that further trans- 
fers up to 25 made no difference. .After each 
series of transfers, the adapted phages were 
tested on agar plates against each of the 
organisms listed and against P, pestis. Rep- 
resentative results are shown in Table I. 

The results after transfer on 2 or 3 of tlie 
species of shigellae were essentially the same 
as those after transfer on all 4 species. The 
right hand column in Table I represents the 
effect of successive transfer on all 4 .shigellae. 
It is noteworthy that after passage iirst on P • 
pseiidotiiberculosis and then on 5. dyscntcriae, 
the phage no longer U'secI P. pscudotubcrculo- 
sis, 

,\ second series of experiments was planned 
to show the effect of successive transfer on 
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TABLE f. 

Highest Pilution of Original and Adapted Phages Producing Lysis of Plate Cultures of 

Various Organisms, 

Original P. pestis phage adapted to 


Organism tested 

Original P, 
pestis phage 

PTB 

PTB then 

S. dysenteriae 

PBT then 

S, dysenteriae, 
pa radysentcriaCi 
sonnei, and 
amhigtia 

P. pestis 

10-T 

10-7 

10-T 

10 -c 

PTB 

— 

10-7 

— 

— 

S* dysenteriae 

10-3 

100 

10-c 

10-3 

S, paradysenieriae 

10-2 

lOo 

10-i 

10*-! 

S. sonnei 

10-1 

100 

10-2 

10-5 

S* amhigiia 

10^ 

10-4 

10 -c 

10-5 


— = no lysis. PTB = P. pscuJotahercufo^is (Spokane), 


TABLE II. 

Lysis After Transfer of P. pestis Phage on Pasteurellae and Shigellae. 


Phage transferred on 

Tested on 
P. pestis 

Agar 

9 PTB strains 
not lysed by 
original phage 

plate cultures of 

31 PTB strains 
lysed by 
original phage 

Shigellae* 

P. pestis 

+ + 

. — 

4 - 4 - 

4 - 

PTB (Spokane) 

-f-k 

4 - 4 - 

4 - 4 - 

4 - 

Sliigellae* 

PTB — then 5. so7i?ici. 

+-f 


4 - 4 - 

-k-k 

paradyse^iteriaCf or amhigua 

+ + 

4 - 4 - 

-k-k 

-k-k 

PTB then S. dysenteriae 

PTB then S. dysenteriae 

+ 4 - 


4 - 4 - 

4-k 

then PTB again 

4 - 4 - 

4 - 4 - 

4 - 4 - 

4 — k 


+ 4- = lysed by phage in dilution of 10-3 or higher. 

4- = lysed by phage in dilution lower than 10-3. 

— = not lysed. 

PTB =: P. pseudoUil^ereuJosis. 

* Includes S. dysenteriae, 5. paradysenieriae, S. sonnei, and 5. amj}igua. 


different organisms in altering the charac- 
teristics of the original phage. The plan and 
the results are summarized in Table II, 
It was again noted that phage first adapted 
to P. psciidotitbcrciilosis (Spokane) and then 
transferred on 5. dysctitcriae lost its ability 
to lyse P. pscudoti{berctdosls (Spokane). This 
adapted phage was then tested against all 40 
strains of P. pscudoUtberculosis, It failed to 
lyse any of the nine strains which were re- 
sistant to the original phage, but lysed all 31 
strains sensitive to the original phage. Hence 
this phage adapted to the Spokane strain and 
then to S. dysentcriac behaved just like the 
parent P. pestis phage in its action on P. 
pscudotubcrcidosh cultures. 

Transfer of phage adapted to the Spokane 
strain on shigellae other than S. dysenteriae 
did not change its ability to lyse all the P. 


pseudottibercidosis strains. Therefore the loss 
of activity against certain P. pseudotiibercu'^ 
losh cultures was produced only by S. dysen- 
teriae. The potency of this phage for all 
strains of P. pseudo tuberculosis was complete- 
ly restored by again transferring it on the 
Spokane culture after passage on 5. dysen- 
teriae, Furthermore, the original phage adap- 
ted first to shigellae, including 5. dysenteriae^ 
and then to P. pseudofubcrcidosis (Spokane) 
lysed both the shigellae and all strains of P. 
pseudotuberculosh. Therefore, it seemed 
that transfer of phage adapted to P. pseudo- 
tuberculosis on S, dysenteriae produced a 
selective blocking action resulting in loss of 
ability to lyse a group of cultures previously 
sensitive. 

Tests were made to determine whether this 
blocking action niiglit be due to metabolic 
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or disintegration products of 5, dysenterlae 
which, of course, would be present in phage 
adapted to this organism. A lysate of 5. 
dysenterlae was prepared from a broth cul- 
ture by adding phage adapted first to P. 
pseitdotnberculosls and then to 5. dysenterlae. 
This lysate was mixed with equal parts of 
phage adapted to P. pseiidotiiberctdosh and 
allowed to stand at 37 °C for two hours. The 
mixture was then added to broth and agar 
cultures of P. pseiidotuberciilosis using the 
same technic as usual. There was complete 
lysis in all tests. Hence, the presence of a 
lysate of 5. dysenterlae did not inhibit lysis 
of P. pseudotubercidosh by phage adapted to 
the latter. 

The plaques produced by the original P. 
pesth phage on agar cultures of P. pestls 
were uniform in size and measured about 3 
mm in diameter after 24 hours. On plates 
of P. pseudotubercidosh and of shigellae, the 
plaques formed by the original phage varied 
in diameter from 0.5 to 3 mm. Large and 
small plaques were isolated repeatedly in at- 
tempts to separate two strains or mutants of 
phage, but without success. Isolated plaques 
gave rise to both large and small plaques even 
after many subcultures. Successive transfer 
on four species of shigellae followed by pas- 
sage on P. psexidotubercidosh did not alter the 
size of plaques. The plaque size for a given 
culture was no different with the various 
adapted phages than with the original phage. 

No explanation can be given at present for 
the alteration of phage adapted to P. pseudo- 
tuberculosis by subsequent transfer on 5. 
dysenterlae so that it longer lyses certain 
strains of pasteurellae. It seemed possible 
that the original phage might contain two 
components and that the one acting on these 
strains could not multiply in the presence of 
S, dysenterlae. However, this is unlikely be- 
cause the activity toward P. pseudotubercu- 
losis was readily restored by readaptation to 
the Spokane strain after many transfers on 
S. dysenterlae. 

The variation in plaque size shown by the 
original phage suggests that mutant types 
might be present which might vary in their 
host range, although attempts to separate 


such mutants were unsuccessful. Delbruck- 
has reported the occurrence of biochemical 
mutants of phage with differing requirements 
for cofactors for adsorption of the phage on 
the host bacteria. One of his mutants re- 
quired tryptophan or its analogues and its 
adsorption was inhibited by indole. These 
substances are not concerned here for the 
medium used is rich in tryptophan and neither 
P. pseudotubercidosh nor 5. dysenterlae pro- 
duce indole. Lysis was not inhibited by the 
addition of lysates of 5. dysenterlae to mix- 
tures of P. pseiidotiiberculosh and its adapted 
phage. 

Likewise there is no apparent explanation 
for the difference in behavior of those strains 
of P, pseudotubercidosh resembling P. pestls 
in their sensitivity to the phages and of those 
not resembling P. pestls. No correlation could 
be demonstrated between the sensitivity of 
the strains to the various phages and . their 
microscopic morphology or their antigenic 
structure. The only detectable difference was 
that the majority of the strains behaving like 
P. pesth produced rough colonies w'hile those 
of the other group were usually smooth. 

Summary, Bacteriophage, originally re- 
covered as a lytic agent for P. pesth, also 
lysed 3 1 of 40 strains of P. pseudotubercidosh. 
After adaptation to one of these (Spokane 
strain), it also lysed the remaining nine 
strains. When the adapted phage was trans- 
ferred on S. dysenterlae, it reverted to its 
original activity; ;.e., it again failed to lyse 
the nine strains of P. pseudotubercidosh which 
resisted the original phage. Activity for all 
strains was restored by transferring it on Uie 
Spokane strain. Lysates of S. dysenterlae, 
mixed with the adapted phage, caused no re- 
version to the original selective activity for 
only 31 strains of P. pseudotubercidosh. 
Transfers of the adapted phage on 5. para- 
dysenteriae, S. sonncl, S, amblgua, or on all 
of these species in succession, did not alter 
its ability to lyse all strains of P. pseudotuber- 
culosts. The size of plaques did not change 
during transfers on either the shigellae or the 
pasteurellae used. 



297 


16698 

Fate and Distribution of Penicillin in the Body. II. Duration of Blood 
Concentration and Chemotherapeutic Effectiveness.* 

N. ERCor.r, iVI. N. Lewis, B. S. Schwartz, and J^Iargaret Whitehead. 

From the Department of Fharmacolopp and Chemotherapy, Warner Jnstiiute for Therapeutic 

Fesearch, Xew Yorl: City. 


The original concept that the continuous 
presence of penicillin in the blood is essential 
for therapeutic effectiveness has been sub- 
stantially weakened since the clinical reports 
of Tillett, McCormack, and Cambier.^’- These 
authors obtained excellent results in the treat- 
ment of lobar pneumonia on a regimen which 
gave detectable blood levels only intermittent- 
ly. These findings were confirmed by the 
experimental studies of Zubrod,^ White, 
Baker and Jackson^ and Gibson.^ The impli- 
cations of such observations were discussed by 
^larshalF and Eagle." 

Our studies® on the distribution of peni- 
cillin in the organism required an analysis of 
the relationship between duration of thera- 
peutic effectiveness and “blood level” as de- 
termined by in vitro methods. 

Material and Methods. Albino rats of 60 
to 220 g body weight were injected intra- 
muscularly with a repository preparation con- 
sisting of a suspension of crystalline potassium 
penicillin G in peanut oil containing 1 mg/cc 
epinephrine.'* At various intervals after in- 

* of tills Diutcrifil 'ivns presented at tho 
meeting of the American Societies of Experimental 
Biology, Atlantic City, May, 1948. 

1 Tillett. W. S., Cambier, M. J., and McCormack, 
J. E., BuU. X. Y. Acad. Med., 1944, 20, 142. 

- Tillett, W. S., McCormack, J. E., ami Cambier, 
M. J., J. Invest., 1945, 2^1, 589. 

^ Zubrod, C. G., Bull. Johns Uophins llosp., 
1947, 81, 400. 

t White, H, J., Baker, M. J., and Jackson, E. R., 
ruoc, Soe. Exr. Biol, and 'Slzu., 1948, 07, 199. 

Gibson, C. 1)., Jr., Puoc. Soc. Exp. Biol, and 
Med., 1948, G7, 278. 

«Marsluill, E. K., Jr., BuU. Johns Uophins 
llosp., 1948, 82, 403. 

T Eagle, IL, Jnn. Int. Med., 194S, 28, 2C0. 
iiSobaebter, R. J., Paoc. Soc. Exp. Biol, and 
^lED., 194S, 08, 29. 


jection the animals were etherized and bled 
from the subaxillary artery for the determin- 
ation of the penicillin blood concentration by 
the method in current use.^^ At correspond- 
ing intervals other groups were infected. One 
cc of an 18 hour serum-broth culture of 
Streptococcus strain 4 (Group A, Type 3) 
and Pneumococcus Type 1 strain 6301 was 
inoculated intraperitoneally into the rats pre- 
viously treated with the penicillin preparation. 
The inocula varied from 10"^ to ICh'^ for the 
pneumococcus and from ICH to for the 
streptococcus, corresponding to 100 - 1000 
LD. Groups of 10 to 20 rats were used for 
control and for each alteration in the interval, 
or dosage, in any single experiment. Alost of 
the untreated control animals died within 2 
to 3 days. The rats which survived a three- 
\veek period were adjudged cured; occasion- 
ally the effect of treatment was verified by 
heart cultures of the animals sacrificed at the 
end of the observation period. 

Results, (a) Blood levels. In our initial 
attempts to establish the duration of the 
penicillin levels, we encountered a number of 

TABLE I. 

Duration of Detectable Penicilliu Levels in Rata 
Treated with PeiiiciUin in Oil 4“ 1 uig/cc 

Epinephrine. 

Injection: 0.1 ce/100 g, intr.Tiimscular. 
Rats of SO-loQ g weight. 


Dose/100 g 

Hr duration in 

50% rats 90% rats 

5 X 1000 

13 

14 

10 X 1000 

14 

IG 

20 X 1000 

IG 

18 


0 Ercoli, X., Hueper, W. C., Landis, L., 
Schwartz, B. S., and Queally, P. J., J.A.M.A., 
1943, 1B8, 115. 


10 Raminelkanip, C. U., Fr.oc. Soc. Exp. Biol. 
AND Med., 1942, 51, 95, 
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TABLE IL 

Protection of Bats Against Pneumococcus Type I Lifection at Yarious Intervals After 
Bepository Penicillin Treatment 


Dose 
u/100 gt 

Hr after 
treatment 

Blood 
negative 
for hr 


Survivors after 


f 

6 days 

— 

21 days 

Survivors 

infected 

% 

survivors 

Survivors 

infected 

% 

survivors 

Eoutrols 

— 

— . 

26/134 

19.4 

14/134 

10.4 

10,000 

14 

# 

8/ 10 

SO 

8/ 10 

SO 


17 

1 

11/ 20 

00 

6/ 20 

30 


20 

4 

8/ 20 

40 

4/ 20 

20 


22 

6 

7/ 10 

70 

6/ 10 

60 


24 

8 

14/ 25 

56 

7/ 25 

28 


28 

12 

2/ 10 

20 

2/ 10 

20 

•20,000 

16 

# 

7/ 10 

70 

6/ 10 

CO 


18 


20/ 30 

6G.6 

16/ 30 

53 


20 

2 

31/ 50 

62' 

21/ 50 

42 


25 

7 

6/ 13 

46 

2/ 13 

15.4 


35 

17 

4/ 13 

31 

1/ 13 

7.7 


*50% of rats negative. 
t90%'' 

^ in 0.1 cc/IOO g. 


discrepancies. From experiments conducted 
on a large number of rats, it became ap- 
parent that the absolute weight of the animal 
— using the same dose/weight — influences the 
duration of blood levels. The larger animals 
(over 150 g) gave longer durations due to 
the greater absolute dose injected. In order 
to minimize variables, only experiments con- 
ducted on rats of 80-150 g weight are con- 
sidered in this paper. 

The duration of blood level is expressed in 
the most significant manner by indicating the 
.end period of detectable penicillin in 50% 
and 90% of the animals. (Table I). The 
establishment of this effect in 100% of the 
animals is exposed to greater error, as is the 
case in other dose-response relationships. 

(b) Pneumococcus Type I Infection, From 
the experiments presented in Table II, it is 
jevident that the therapeutic activity outlasts 
the duration of the detectable blood level. For 
instance, rats infected 20 hours after treat- 
ment had no penicillin in their blood for the 
last 2 hours before infection, yet in 62% 
death was significantly delayed and 42% were 
cured. In general, a definite protective ef- 
fect was given by the repository treatment 
6-8 hours after the end of the penicillin blood 

level. 

(c) Hemolytic Streptococcus Infection. 
Four experiments were carried out on a total 


of 250 rats. The same bacterial strain was 
used for in vitro as for in vivo experiments. 
The results are not as clear-cut as in the pneu- 
mococcal infection, due probably to the 
heavier inocula used in order to compensate 
for the less regular susceptibility of rats to 
streptococcal infection. However, in this in- 
fection also, chemotherapeutic effectiveness 
appears to be present for relatively long 
periods (4-8 hours) following non-detectable 
blood levels. In one experiment, for instance, 
out of 30 rats infected 2 to 6 hours after the 
disappearance of penicillin from the blood, 
10 rats survived an observation period of 21 
days. Seventy-five percent of a group of 20 
controls died within 2 days; the entire group 
within 8 days. 

Conclusion. It may be concluded that our 
present bacteriological methods cannot give 
the value of the minimal penicillin concentra- 
tions required for therapeutic activity. It is 
certain that this concentration in the heavy 
bacterial infection used is below 0.015-0.03 
u/cc serum, which is the sensitivity of the 
bacteriological method. 

Our present finding esphins only in part 
the well-documented opinion of other authors 
that it is not necessary^ to maintain continuous 
penicillin blood levels for the whole period of 
treatment* more important factor responsi- 
ble for this is probably tiie additive chemo- 
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therapeutic egect of repeated doses. This 
effect is obvious from the experiments reported 
in the literature indicating that fractions of 
the curative dose, repeated at such intervals 
as to leave the organism wthout penicillin for 
the greatest part of the treatment period, re- 
sult in cure. This is the case in spirochetal^^ 
as well as in bacteriaP infections. The addi- 
tive effect might depend on biological changes 
induced by sub-curative doses on the micro- 
organism, on reduction of the bacterial popu- 
lation, and on the immunological response of 
the host. The experiments of Kelly and 
Schnitzer^- would suggest furthermore that 
the immunological response might influence 
the susceptibility of the micro-organism to 
chemotherapy. 

The immunological response itself can be 
influenced by the treatment schedule, ac- 
cording to the recent observations of Kil- 
bourne and Loge.^^ In hemolytic strepto- 
coccal pharyngitis, the antistreptolysin titer is 

11 Eagle, II., Magnuson, II. J., and Eleiscliman, 
K., Bull. Johns Uoplcins Hosp.f 1916, 79, 168. 

1- Kelly, D, R., and Sclmitzer, R, J., Arch. Bio- 
chcvi., 1945, 7, 461. 


Response to Estrogens 

higher mth. intermittent penicillin injections 
than it is with continuously sustained blood 
levels. 

Another phenomenon which accounts for 
the independence of therapeutic effect dura- 
tion from blood level is revealed in the experi- 
ments of Grunberg, Schnitzer, and Unger.^^ 
Penicillinase injected after the total disap- 
pearance of penicillin from the host tissue still 
blocks the therapeutic effect in the local 
streptococcal infection of mice. Thus, the 
presence of the penicillin in the micro-organ- 
ism is more prolonged than in the host. 

In our own experiments, part of the thera- 
peutic effect existing beyond the blood level 
is due to penicillin accumulated in the tissues. 
How much of this prolonged therapeutic ef- 
fect is dependent upon the undetectable 
amounts present in the blood, in comparison 
with the penicillin accumulated in the organs 
and tissue fluids, remains an open question. 

13 Kilbounie, E. D., and Eoge, J. P., J. Clin. 
Invest., 1948, 27, 418. 

Grunberg, E., Schnitzer, R. J., and Unger, C., 
Yale J. Biol, and Med., 1948, 20, 479. 
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4- Amino Pteroylglutamic Acid (Aminopterin), Pteroylglutamic (Folic) 
Acid, and 'Response of Frogs, Rana clamitans, to Estrogens.* 

E. D. Goldsmith, Sidney S. Schreiber and Ross F. Nigrelli. 

From the Department of Uistolopp, New Yorlc Vniversitu School of Dentistru and New York 


Aquarium, New Yorh 

It has been sho^vn that chicks and monkeys 
{Macaccus rhesus) maintained on a diet de- 
ficient in pteroylglutamic (folic) acid exhibit 
a decreased response to estrogenic sub- 
stances.^"^ It has been further demonstrated 

• This investigation w'us supported by a research 
grant from the National Cancer Institute of the 
National Institute of Ilc.alth, U. S. Public Ilcalth 
Service. 

1 Hertz, R., Bndocrinology, 1945, 37, 1. 

Hertz, R., Recent Progress in Hormone Re- 
search, II, Academic Press, 1948, 161. 


Zoological Society. 

by Franklin, Stokstad, and Jukes^ that folic 
acid deficiency in mice may be accelerated by 
a chemical antagonist of folic acid (“crude 
antagonist”, Lederle). Hertz, ^ using the 
same antagonist, has shown that it interferes 
with the estrogen response of the chick genital 

3 Hertz, R., PROC. Soc. E.xp. Biol. Med., 
1948, 07, 113. 

4 Franklin, A. L., Stokstad, E. L. R., and Jukes, 
T. H., Piioc. Soc. E.\’P, Biol. .\kd Med., 1947, 05, 
3GS. 

3 Hertz, R., Science, 1948, 107, 300. 
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Effects of Various Levels 


TABLE I. 

of 4-AnuiiopteroyIglutaimc Acid, Pteroylglutamic 
zyite oa tlie Growth of Oviducts of J^ami elamita/is. 


Acid, aud Estradiol 


Series 

No. 

^1* 

} y 
I > 

} > 

} y 
7 y 


Amiuopterin Eolic acid 
No. of per inj., per iuj., 

frogs mg mg 


9 

.05 

0 

10 

.10 

0 

5 . 

0 

2.0 

5 

.10 

1.0 

lot 

0 

0 

5 

0 

0 


No. of iuj. Estradiol 
per ^yk per wk, mg 

I 

3 .1 

3 .1 

3 .1 

0 .1 

0 0 


Oviduut response of female 
frogs 


After 2 Avks 
of estradiol 

After 3 Avla 
of estradiol 

4- 

+ 

+ 

+ 

4-4-+ 

++++ 

+ 

+ 

+++ 

++++ 


TX* 

y y 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 
7 7 


o 

13 

11 

o 

5 

5 

5 

X. 

5 

5 

5 


.05 

.10 

.20 

1.0 

0 


.05 

.1 

,25 

0 

0 


0 

3 

.1 

+ 

0 

3 

.1 

+ 

0 

3 

.1 

■f* 

0 

2 

.1 

+ 

1.0 

3 

.1 

++++ 

2.0 

3 

.1 

++++ 

l.ot 

3 

.1 

+ 

2.5t 

3 

.1 

+ 

2.5? 

3 

.1 

+ 

0 

0 

0 


0 

0 

.1 

+++ 


^ Series I animals were simultaneously treated with estradiol and with substance (s) listed. Scries 11 
animals were pretreated for 2-3 weeks with the drug(s) listed and then in addition were injected with 
estradiol. (Administration of the drug(s) aminopterin, folic acid, or both were continued throughout 
estradiol treatment.) 

t 5 animals of this group also received OA ce of distilled water 3 times per Aveek. 

+ Folic acid level Avas raised after 2 AA’ecks treatment to 5 mg per injection, 

4- Slight oviduct enlargement, no coiling. 

+ + 4- 0\dducts enlarged and coiled. 

4" 4-4"+ iXarked oviduct enlargement and coiling. 

— Onducts small, thin, and uncoiled. 


tract. The 4-amino analogue of pteroylglu- 
tamic acid was described as being strongly 
antagonistic to folic acid in the Streptococcus 
fecaiis R test.^ Goldsmith, Tobias, and Ham- 
ly” reported that both the ^^crude antagonist’* 
and 4-amino pteroylglutamic acid (aminop- 
terin) prevented the development of Droso- 
phila mclaiwgaster larvae into adults. This 
inhibition by the “crude antagonist** could 
be overcome in a number of cases by the ad- 
dition of folic acid to the diet. However, 
thus far, the inhibitory effect of aminopterin 
on the development of Drosophila larvae has 
not been counteracted or reversed by several 
levels of folic acid. Franklin, Stokstad, and 
Jukes^ found that mice died within a few 
days after being placed on a diet containing 
1 mg or more of aminopterin per kilo of diet. 


G Sceger, E. K., Smith, L M., Jr., and Ilultquisi, 
M. E., J. Chevu Soc., 1947, 09, 25G». 

T Goldsmith, B. B., Tobias, E. B., and Ilarnly, 
M. H., Jnat Jlcc., 1948, 101, 104. 


At a level of 0.3 mg per kilo the aminopterin 
depressed the blood values. This could be 
reversed by high dosages of folic acid. How- 
ever, large amounts of folic add did not 
overcome the effect resulting from higher con- 
centrations of aminopterin. Recently, Hertz 
described the decreased response of the chick^ 
and the rat^^ to estrogen following treatment 
with aminopterin. High levels of folic acid 
reversed this effect.^*’ 

In tlie light of the above data, and since it 
had been established previous!}’’ that estradiol 
injections in newly metamorphosed frogs are 
followed by a pronounced oviduct response 
Avithin 2 to 3 weeks.^^ it W£is con.sidered worth- 

-5^ X>;inkliii, A. L., StokstuO, JC. L. JX, niul Juke.w, 
T. II., I^noc. Soc. E:ce. Bior.. .a.vd 104.S, 07, 

30S. 

0 Hertz, K., Proe. 39th Anmml Meeting .\ni. 
A 5 SI 1 . Cancer Research, March 19IS. 
m Hertz, R., personal comtuuntention, 

II Schreiber, S., aiul Rugl»j R-f Xixp. AooL, 
1945, 09, 93. 
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^vhile to ascertain the action of aminopterin 
and Its effect on the estrogen response in 
frogs. 

Experimental, This paper presents pre- 
liminary data on a group of about 100 newly 
metamorphosed frogs f^Rana damUans) treat- 
ed parenterally with various dosage levels of 
aminopterin, folic acid, and estradiol benzoate. 
The course of treatment and levels of drugs 
administered are outlined in Table I. The 
frogs were divided into two series. In series 
I, the frogs were treated with aminopterinf 
or folic acid,t or both, and were simultane- 
ously treated with estradiol benzoate. ^ In 
series II, frogs were pretreated with aminop- 
terin alone, folic acid alone, or both for a 
period of 2 to 3 weeks. At this time, estradiol 
was added to this regimen. The volume of 
fluid injected was controlled as closely as pos- 
sible, and no frog received more than 0.4 cc 
of fluid per injection. In addition, the site 
of puncture was carefully held closed to pre- 
vent any leakage of injected fluid. 

The data indicate that treatment with 
.aminopterin decreased the response of the 
female frog oviducts to estradiol. Oviducts 
of the estradiol treated females showed 
marked enlargement and coiling. However, 
the oviducts of the females which received 
estradiol and aminopterin simultaneously, or 
which were pretreated with aminopterin and 
then were given estradiol plus aminopterin, 

t The 4-ann2io ptcroylglutamic acid was gcii- 
‘croualy supplied by the late Dr. Y. Bubbal^ow, 
and the pteroylglutajiiic acid by Dr. A. L. Frank- 
lin of Lederle Laboratories. 

t The estradiol benzoate was generously sup- 
plied by Dr. F. F. Yonkniau and Dr. F. L. Jfohr 
^of Ciba Phannaccutical Products. 


showed very slight enlargement and no 
coiling. 

Simultaneous administration of folic add 
and estradiol was followed by oviduct growth 
and coiling in the females equal to, but not 
greater than that observed in the females 
treated with estradiol alone. However, pre- 
treatment with folic acid for 2 to 3 weeks fol- 
lowed by injections of estradiol plus folic acid 
resulted in oviduct growth which was greater 
than that observed in the females which re- 
ceived only estradiol. 

In 4 groups of frogs, in addition to aminop- 
terin and estradiol, supplements of folic acid 
were administered in ratios of 10, 50 and 100 
to 1 of folic acid to aminopterin. In none of 
these female frogs were the oviducts grossly 
different from those in the females treated 
only with aminopterin and estradiol. 

The data also indicate that those animals 
treated with aminopterin appeared to show a 
higher mortality rate than those receiving 
supplements of folic acid in addition to amin- 
opterin. The majority of aminopterin treated 
frogs which died, did so 3 to 4 weeks follow- 
ing initiation of treatment with aminopterin, 
irrespective of level of drug administered. 

Histological studies of the oviducts and 
other organs such as liver, spleen, and adrenal 
will be reported at a later date. 

Summary, 4-amino pteroylglutamic acid 
(aminopterin) markedly decreased, whereas, 
folic acid increased the response of the ovi- 
ducts of newly metamorphosed female frogs 
{Rana damitans) to estradiol. The aminop- 
terin effect could not be reversed by folic acid 
in ratios as high as 100:1 of folic add to 
aminopterin. 
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A New Method for die Electrical Recording of Mechanical Deformations. 


B. S. Gunther and J. B. Concha. (Introduced bj' R. C. Honorato.) 

From, the Department of Physiopathology, University of Concepcion ITcclical School, 

Concepcion, Chile, 


Pressure changes* or spacial displacements 
may be recorded by a number of electrical 
devices/"^^ based on changes in capacity, re- 
sistance or the piezo electric effects. Variations 
in potential are amplified and recorded photo- 
graphically. On referring to these methods 
Green^^ states that ^Svhile many of them are 
admirable in concept, their complexity and 
cost have so far prevented their wide accep- 
tance”. 

The system about to be described is of 
low cost, easy to make and of almost universal 
application. It depends on the variations 
in resistance occurring in a glass capillary (c) 
containing equal volumes of alcohol and 
glycerine; copper wires are inserted into the 
two ends one of which is fixed (eo) and the 
other (ei) which is movable, being connected 
to a membrane (m) or any other mechanical 
device which allows for displacement in space. 
The fixed electrode (e^) can be moved in 
relation to the movable one (ei) by means 

iWaud, R. A., J.A.U.A,, 1924, 83^ 1263. 

2 Gomez, D. Hemodinamique et Angiocine- 
tique, Paris. Hermann et Cie. Edit. 1941, 

3 Hampel, A., Pfiiig, Arch, ges. Physiol., 1940, 
im, 141. 

•iRein, H., Hampel, A., and Heinemaim, 

Pflixg, Arch, ges. Physiol., 1940, 243, 329. 

SAtacleod, A. C., and Cohn, A. E., Am. Heart J., 
1941, 21, 345. 

oXliUer, A., and White, P. D., Am. Heart J., 
1941, 21, 504. 

7 Halla Torre, H., Hclv. Physiol, Acta., 1943, 1, 
C14. 

8 Grundfest, H., Hay, J, J«, and Eeitelberg, S., 
Science, 1945, 101, 255. 

9 Lambert, E. A., and Wood, E. II., PROC. Soc. 
Exp. Blou AND XtED., 1947, 04, ISO. 

10 :^Iotlcy, H. L., and Cournand, A., et col., Peoc. 
Soc. Exi’. Biol, and Med,, 1947, 04, 241. 

n Green, IL D., Circulation, Physical Principles, 
in 0. Glasser, Medical Physics. Tiic Year Book 
Pubh, Inc., Chicago, 1944, p- 227. 


of a screw. The movable electrode should 
be of small diameter (approximately 0.75 
mm) so its mass will have no influence on 
the experiment. The ends of the electrodes 
are connected to points a and b of the electric 
system represented in Fig. 2, consisting of a 
battery of approximately 10 volts and a 
switch Ii, which on closing sends the current 
through the variable resistance Ri. The 
proper voltage is obtained by altering the 
position of the cursor in this resistance. The 



A fixed electrode (e^) and a movable one (ci) 
are inserted into the capillary tube C, which 
eojitains the electrolyte (alcohol and glycerine). 
The electrode Cj is joined to the membrane (m), 
which is displaced by the force (f). Terminals 
a and b are connected to iioints similar to those 
shown in Pig. 2. 

H 



Fia, 2, 

Tlie elect rieal circuit consists of a battery B, a 
switch Xi, and resistances iq and R:;, each 250,000 
ohms. Variable resistance Ra corresponds to the 
eajiillary system in Pig. !• The union between a 
and Ei is shielded. Kj and E- are entrances to 
the electrocardiograph (E.C.G.). 
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D n z lead Z * 

Fig. 3. 

Additional circuit for recording of K wave of 
E.C.G. Dll = 2. E4 250,000 ohm variable 

resistance. G — 0.2 u F condenser. 

potential differences produced at the extremes 
of Rs (the capillary’s electrolytic resistance) 
may be amplified through a clinical electro- 
cardiograph (E.C.G.) or another amplifying 
device, when the movable electrode is dis- 
placed. 

It has been possible to make an immediate 
and accurate record of a whole range of 
mechanical manifestations in the circulation 
system by means of this apparatus. Suitable 
capsules are used in each case as fully 
<lescribed elsewhere. 

In order to relate the mechanical activities 
recorded in this way with other manifesta- 
tions of the heart’s activity we have super- 
imposed on the mechanical tracing the R 
wave of the electrocardiogram by using an 
additional circuit with a variable resistance 
and a condenser (Fig. 3). 

The different tracings obtained in man are 
recorded in Fig. 4: carotid pulse (I), jugular 
pulse (II), venous pulse together with the R 
wave of the electrocardiogram (III), radial 
pulse and R wave (IV), and finally the 
apex beat together with the R wave of the 
electrocardiogram (V), 

Further applications of this method \vill be 
described later. 

Gimthor, B., .'uid Conelia, J., liev, Jrgcnt, 
Cardio},, 194S, in prcsd. 



Fig. 4. 

Tracings obtained in men: (1) Carotid pulse. 
(II) Yeuous pulse (jugular vein). (Ill) Yenous 
pulse and R wave of the E.C.G. (IV) RaduU 
pulse and R wave. (V) Apex-beat and R w'avc. 

Summary. A new electrical method for re- 
cording mechanical variations is described 
which uses the differences in potential ob- 
tained by changes in the electrolytic resistance 
of a glass capillary filled with alcohol and 
glycerine. The method is specially useful in 
the study of mechanical changes in the 
cardio-vascular system. 
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Influence of Vaccine Virus on a Transmissible Leukemia of Mice* 
Joseph C. Turner, Barbara jMulliken and Robert A. Kritzler. 

^ From the Department of .Uedicine, College of Flujsicians and Surgeons, Columbh Unhwity, 
and the Fresbgterian Hospital , F’ew Torlc City. 


The relation of extraneous viruses to neo- 
plasms has been the subject of comparatively 
few investigations, scattered over the past 
25 years. Levaditi and his associates^*- found 
that certain pox viruses proliferate in epi- 
theliomas of rodents and sometimes cause 
necrosis and impairment of growth of the 
tumors. Rivers and Pearce^*^ studied the 
influence of Virus III on a rabbit carcinoma, 
but could find no appreciable alteration of 
the degree of malignancy. 

More recently, it has been demonstrated 
that vaccine virus will proliferate in mouse 
sarcoma 180, and' furthermore, that trans- 
plants of fragments of infected tumor grow 
much more slowly and less successfully than 
controls.^ The explanation was offered that 
this effect was produced by a direct action of 
the virus on the neoplastic cells, perhaps by 
a kind of competitive biochemical antagonism. 
The study has now been extended to leuke- 
mias of mice. These neoplasms provide an 
exceptionally satisfactory test material, both 
in their close resemblance to the correspond- 
ing human disease and in their readily pre- 
dictable and high grade of malignancy. 

Mice of a closely inbred line of the Ak 
strain and a leukemia designated 9417 have 

*This investigation was aided grants from 
the Jane Coffin Childs Memorial Puud for Medical 
Research, the Holmes Houndatiou, Inc., and the 
National Cancer Institute of the National Insti* 
tute of Health, IT. S. Public Health Ser\dce. 

1 Levaditi, C., and Nicolau, S., Compt. rend. Soc. 
de hiol., 1922, 87, 498. 

2 Levaditi, C., and Nicolau, S., Compt. rend 
Acad, de Sc., 1922, 174, 1049. 

3 Pearce, L., and Rivers, T. M., J. Fxp. Hed., 

1927, 40, SI. . , 

4 Rivers, T. M., and Pearce, L., J. Fxp. Hcd., 

1925, 42, 523. 

3 Turner, J. C., and ilulliken, B., Cancer 
search, 104.7, 7, 774. 


been employed. This tumor is lymphoid iir 
type and at post-mortem the dominant lesions 
are usually found to be in liver, spleen, and 
mesenteric nodes, all of which may be greatly 
enlarged. 

The strain of vaccine virus used tvas 
adapted to mouse brain more than a year ago, 
and has been carried along since by frequent 
intracerebral passage."* It is lethal when 
inoculated directly into the brain, but mod- 
erate doses may be given subcutaneously or 
intravenously without the development of any 
gross lesions or impairment of health. The 
virus was given as a suspension of infected 
mouse brain in 5 parts of plain broth con- 
taining 1,000 units per cc of both penicillin 
and streptomycin and 0.5 nigm heparin. 

Leukemia 9417 is readily transmitted 
wdthin this strain of mice, becoming estab- 
lished in, and killing appro.ximately lOO^o 
of the hosts within a few weeks.^ For trans- 
mission, the enlarged spleen of an animal 
dying of the disease was macerated in 10 cc 
of normal saline, and 0.1 cc was injected 
intraperitoneally. 

In a first experiment leukemic cells were 
implanted in 50 young mice. Of the.se, 23 
were kept as controls and received no further 
treatment. The remaining 27 were given 
vaccinia virus parenterally after periods of 
time sufficiently long to allow no reasonable 
doubt that the leukemia had meanwhile 
become well-established. One group of 17 
recei\*ed on the seventh day after the leu- 
kemic transplant 0.2 cc of vaccine virus sus- 
pension intravenously. A second group of 
10 mice were given, on the fifteenth day, 0.2 
cc of virus suspension intravenously and at 
the same time 0.5 cc intraperitoneally. Ihe 
rates at which the control and the treated 

<5 Burclu’iial, J. H., Lt'ijter, H. A., RiU‘v, J, B., 
•and lUiouds, C. P., Cancer, ItMS, 1, 399. 
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TABLE r. 

dumber of Mice Surviving After Inoculation of Leukemic Cells, 


Bay: 

13 

10 

19 

00 

2o 

54 

Controls 

23/23 

3/23 

0 

, — 

— 

— 

Treated with virus on Day 7 

17/17 

7/17 

6/17 

4/17 

2/17 

2/17 

Treated with virus on Day 15 

10/10 

7/10 

6/10 

4/10 

2/10 

2/10 


TABLE II. 





Number of Mice Surviving After Inoculation of Leukemic Cells. 


Day: 

13 

1(5 

19 

22 25 

28 

35 

Controls 

19/20 

16/20 

9/20 

4/20 2/20 

1/20 

1/20 

Treated with virus on Day 7 

13/15 

7/15 

5/15 

4/15 4/15 

4/15 

4/15 

Treated with virus on Day 12 

15/15 

12/15 

7/15 

4/15 2/15 

2/1.5 

2/15 


animals died may be seen in Table L 

It may be noted that all of the control 
mice were dead on the I9th day after inocu- 
lation of leukemic cells. In contrast, deaths 
occurred less rapidly in both groups receiving 
virus, and no less than 4 animals (15^) were 
still alive at least until the 54th day after 
transplantation of leukemia. Two have sur- 
vived 1-94 days. 

The experiment was repeated with the 
modification that the group of animals treated 
late in the disease received the injection of 
virus on the i2th day instead of on the 15th 
day. There were 20 control mice and IS 
mice in each of the groups receiving virus. 
Table II records the findings. 

It is apparent that the leukemia is now 
somewhat less acute than before, yet among 
the controls the mortality at the end of the 
4th week is nearly 100%. A difference be- 
tween the groups is first evident at that time 
when, with all but one of the control animals 
dead there are still 6 (20%) of the 30 treated 
mice alive. Furthermore, 4 of these have now 
survived at least until the 170th day after 
transplantation of the leukemia. 

All of the mice that died, both treated 
and untreated, showed gross evidence of leu- 
kemia, with enlargement of liver, spleen, or 
lymph nodes. Portions of the organs removed 
from animals that had received virus were 
examined for vaccinia by inlradermal injec- 
tion of rabbits and by inoculation of chorio- 
allantoic membranes. Virus was demon- 
strable in about 2S%, Whether this repre- 
sents a fair estimate of the presence of virus 
is not clear, since it may well be that antibody 


was circulating in sufficient concentration to 
interfere with the tests. 

It would appear that the introduction of 
vaccinia virus by parenteral injection in the 
course of mouse leukemia may result in the 
prolongation of life of a significant number 
of hosts. Whether the animals still alive 
will ultimately die of leukemia remains to be 
seen. It could be supposed that they will, 
and that the delay in the time of their death 
is merely a consequence of undernutrition 
brought on by systemic vaccinial infection; 
but no evidence of appreciable complicating 
general injury to the hosts has yet been 
uncovered. The weights of all groups of 
animals were taken several times a week, and 
none failed to gain. 

It is hardly possible to compare the pro- 
longation of life of leukemic mice brought 
about by orthodox chemotherapeutic or 
physical agents with the effect observed as 
a result of the injection of virus. In one 
case it is customary to employ repeated doses 
of the material on trial and to begin very 
soon after the leukemia has been transplanted 
into the subject. Here, on the other hand, 
a dose of virus has been given only on a 
single day and that only relatively late in 
the course of the disease. 

The mechanism of the observed effect is 
not clear. It is reasonable to suppose that a 
direct action of virus on neoplastic cells takes 
place, but the reaction may then be modified 
by the operation of immune bodies. 

Summary. In 2 experiments, 100 mice of 
the inbred Ak strain were inoculated with 
leukemia 9417. One week or Uvo weeks later 
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XYZ Factor in Rabbit Spleen 


57 animals received parenteral injections of 
living vaccmia virus. The 43 controls re- 
ceived no treatment. 

Of the controls all but one (98%) were 
dead within 4 weeks after the leukemic trans^ 
plant. The lives of at least 10 (18%) of 
the mice receiving virus seemed to be sig- 


nificantly prolonged, and 6 of these have 
survived more than 5 months. 

The authors “wish to express their uppreciation 
for the generosity of Dr. JosepJi Burchcnal of the 
Sloan-Ketteriug lustitutCj wlio supplietl the tu- 
mors, as well as most of the mice employ ctl. 
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Search for the Brovvn-Pearce Tumor XYZ Factor in Rabbit Spleen. 
George R. Drysd^vle and Albert E. Casey,^ 

From tho Lcihoratorxes of the Jiaptist Uospitalj Sirminghomy 


Some years ago it was reported that frozen 
and preserved Brown-Pearce tumor tissue 
contained a factor called, for lack of a better 
term, the XYZ factor, which, when injected 
2 weeks before the Brown-Pearce tumor 
transplantation resulted in increased incidence 
of, and larger metastases, and a shorter sur- 
vival period after transplantation.^"^ The 
factor was different from the Duran-Reynals 
spreading factor (hyaluronidase),^"^' nor 
was the factor present in normal rabbit tes- 
ticle, in the tissue of an adenocarcinoma of 
the rabbit uterus (Greene),® in Bashford 
Carcinoma 63,^® nor in Sarcoma 180 of the 
mouse.^® A review of the literature revealed 

* The work wns aided by a grant from the 
American Cancer Society, through the Committee 
on Growth of the National Research Council. 

1 Casey, Albert E., Proc. Soc. Bxi\ Biol, and 
Med., 1932, 20, 81C. 

•2 Casey, Albert E., Am. J. Cuncery 1934, 21, 700. 

3 Casey, Albert E., Am. J, Concery 1934, 21, 770. 

4 Casey, Albert E., Cancer llcscarchy 1941, 1, 
134. 

0 Casey, Albert E., Arch* Path,y 193/, —2, /41, 

0 Casey, Albert E., Aoi. J. Cancer, 1939, i55, 3o4. 

TCoinaii, Dale R., MeCutcheoii, Morton, and 
Zicdmaii, Irving, Cancer Jicsearch, 1947, 7, 383. 

SMcCutcheon, Morton, and Coinan, Dale R,, 
Cancer licsearch, 1947, 7, 379. 

0 Casey, Albert E., Proc. Soc. E.xr. Biol, and 
Med., 1939, 42, 731. 

10 Casey, Albert E., unpublished reports. 


that Haaland^^ and Leitch^' had described a 
similar factor for Bashford Carcinoma 63 and 
it was possible to confirm tlieir w’ork.^® The 
Bashford Carcinoma 63 XYZ factor seemed 
to be specific in that the growth of this tumor 
was not affected by similarly prepared ma- 
terial from mouse Carcinoma 48, mouse Sar- 
coma 37, nor by tlie XYZ factor from tlie 
Brown-Pearce tumor.^^^s ]\Xuch has been 
written concerning the presence of inhibiting 
and enhancing materials said to be present 
in the spleen.^® In resuming work on Uie 
Brown-Pearce XYZ factor after a lapse of 
some 10 years, preliminary e.xperiments were 
performed in an attempt to recover the factor 
from the spleens of normal rabbits and of 
rabbits 2 weeks after the injection of the 
factor. 

Materials and methods* In the 2 e.xperi- 
nients 52 rabbits were employed. Each rab- 
bit was about 3 months of age, except for 

n Hnah'ind, :M., The Lancet, 1910, HS, 787. 
rJ Leitch, Archibald, The Lancet, 1910, HH, 991. 
i3Casoy, Albert E., Puoc. Soc. E.xr. Biol, and 
Med., 1933, iJO, 974. 

11 Casey, Albert E., Proc. Soc. Kxi*. Bior.. and 
Med., 1933, iJO, 1025. 

13 Casey, Albert E., Froc. Soc. E.vr. Bior.. .\nd 
Med., 1934, 31, 003. 

Stern, K., and Willhohu, R., Tho JJiorhcmi,strp 
of Malignant Tnmor.^, Reference I*rcss, Brooklyn, 
N. Y^, 1943, 714. 
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TABLE I, 


Course of Browa-Pcarce Tumor in Rabbits Transplanted Subcutaneously^ 



Babbits, 

No. 

Tumor takes 

Tumor per animal inoculated 

Per xmimal 
with tumor 
ATet. foci, 
No. 

/ — 

XCet. foci, 
No. 

Vol. met., 
cc 

Total tumor, 
cc 

Spleen (XTZ) 

12 

3 (25%) 

0,3 

2.1 

11.7 

1.3 

Spleea (normal) 

12 

4 (33%) 

1.8 

10.7 

18.5 

5.5 

Controls 

13 

3 (23%) 

1.7 

19.3 

33.4 

7.3 

XYZ (BP tumor) 

3 

2 (67%) 

10.7 

45.0 

112.7 

16.0 

8 Prior Experiments witii the Subcutaneous Inoculation of BP Tumor. 


Controls 

52 

16 (31%) 

2J 

12.8 

21.6 

4.4 

XYZ (BP tumor) 

58 

44 (76%) 

7.7 

31.1 

46.7 

10.2 


7 adult males used in obtaining the transfei' 
material and in the preparation of the spleens. 
The young animak were divided into matched 
groups of the same breed and all were ob- 
tained from the same local breeder. 

The spleens were prepared as follows: Two 
normal rabbits were killed by air injection 
and the spleen removed aseptically, placed in 
a sterile tube and stored in the deep freeze 
chamber at O^F. The preserved spleen after 

14 days in the first and 68 days in the second 
experiment^ was removed from the deep freeze, 
emulsified in normal saline (1-3 dilution) and 
0.3 cc of the emulsion injected subcutaneous- 
ly into 5 rabbits in the first experiment and 
into 8 rabbits in the second experiment. 

For XYZ material a rabbit bearing the 
Brown-Pearce tumor was killed by air in- 
jection 13 days after intra testicular trans- 
plantation. The large testicular tumor was 
removed aseptically, 1.5 cc used immediate- 
ly for transfer (A) and 6 cc placed into 
sterile tubes without glycerin or other pre- 
servative and stored at 0"F (B). The trans- 
fer tissue (.■\) was emulsified in 4 cc of 
normal saline and 0.2 cc of the emulsion in- 
jected subcutaneously or intratesticularly into 

15 rabbits. The transplantation was suc- 
cessful indicating that the tumor used was 
viable. One portion of the frozen tumor tissue 
(B) was removed 7 days later, 3 cc emulsi- 
fied in 10 cc of normal saline and 0.33 cc of 
the emulsion was injected subcutaneously into 
the back of 2 rabbits which were killed by 
air injection 16 days later, the spleens re- 
moved cisepiically, placed in sterile tubes, 
and stored In the deep freeze chamber at 


O^F (C). The spleens thus obtained (C) 
were removed from the deep freeze after 14 
days in the firsthand 68 days in the second 
experiment, emulsified in normal saline (1-3 
dilution) and 0.3 cc of the emulsion injected 
subcutaneously into 5 rabbits in the first and 
into 8 rabbits in the second experiment. In 
the first experiment a second batch of frozen 
BroTO-Pearce tumor tissue (XYZ material, 
marked B) was removed after 37 days in the 
deep freeze, emulsified in normal saline (1-3 
dilution) and 0.3 cc injected subcutaneously 
into 5 rabbits. The material used was 
sterile when cultured in thioglycollate medium, 
and microscopic sections of biopsies of the 
frozen and fresh spleen and tumor were 
made and examined at each stage of the 
e.xperiment. 

In the first experiment, 8 days after injec- 
tion of the spleen emulsions and the Bro^vn- 
Pearce XYZ material, each animal in the 3 
groups (with spleen from XYZ animal, with 
spleen from normal animal, with Brown- 
Pearce XYZ material; one animal had died 
meanwhile of intercurrent disease) together 
with the previously matched but uninoculated 
controls w*ere injected subcutaneously into 
the back in numerical order with an emulsion 
of Brown-Pearce tumor tissue in normal 
saline. 

In the second experiment there were 3 
groups of S animak in each. The first group 
w’'as injected with an emulsion of spleen, pre- 
served 68 days at O^F from the animal which 
had received Brown-Pearce XYZ (as de- 
scribed above) ; the second group W'as injec- 
ted with an emulsion of spleen taken from a 



XYZ Factor in Rabbit Spleen 


308 



DAYJ AFTER TUMOR TRMPWNTATION 

Fig. 1. 


normal rabbit and preserved for 68 days 
at 0°F; the third group were control animals. 
Twenty days after the injection of the splenic 
emulsions into the 2 experimental groups the 
animals of these 2 and those of the control 
group (24 animals in all) were injected 
subcutaneously with 0.2 cc of an emulsion 
(1-3 dilution) of Brown-Pearce tumor tissue 
in numerical order. In addition a stock 
animal (NZW) was injected intratesticularly 
with 0.2 cc of the emulsion. Biopsy showed 
that this tumor was nearly all living, the 
animal having been inoculated intratestic- 
nlarly. 

Results. The results are summarized in 
Fig. 1 and in Table I. One animal from the 
controls and one from the spleen XYZ series, 
another from the Brown-Pearce XYZ group 
and one from the normal spleen group died 
of intercurrent disease between 2 and 17 days 
after tumor transplantation. These were 
eliminated from the results because mortality 
from the tumor does not occur until 20 days 
or longer after inoculation. 

There was no statistically significant differ- 
ence in the success of transplantation, in the 
mortality, in the number of metastatic foci, 
nor in their volume, nor in the total tumor 
primary and metastatic per animal inoculated 
between the 3 groups. There was no evi- 
dence that the emulsions of the splenic Ussue 
had in any way significantly affected the 
course of the Brown-Pearce tumor. ^ 

The Brown-Pearce XYZ group containing 
only 3 animals could not be analyzed statis- 
tically but it was consistent with previous 


experience on the intracutaneous inoculation 
of the Brown-Pearce tumor (Table I). In S 
prior experiments at the Rockefeller Insti- 
tute,^ at the Louisiana State University^® 
and at the Baptist Hospitals^® there were 52 
controls and 58 B.P. XYZ animals inocu- 
lated with Brown-Pearce tumor subcutane- 
ously into young rabbits. The incidence 
of tumor proven by autopsy was among all 
animals inoculated, 31^ in the controls and 
76% among the XYZ treated animals, meta- 
static foci 2.7 and 7.7, volumes of meta- 
static tumor 12.8 and 31.1 cc, total tumor 
21.6 and 46,7 cc; metastatic foci among 
animals with tumor was 4.4 in the controls 
and 10.2 in the XYZ animals. The results in 
the XYZ group in the present e.xperiments 
were in accord vnth this prior data. 

Discussion. Stern and Willheim published 
a review of the voluminous literature on the 
effect of spleen extracts on transplanted 
tumors.^® Much of the work reviewed was 
done without controls or without an adequate 
number of animals for statistical analysis. 
Woglom^' found that fresh splenic implants 
increased resistance to tumor transplantation 
but that crushed, frozen or thawed mouse 
spleen had no effect upon resistance to Bash- 
ford carcinoma 63 of the mouse. Fardon, 
Brotzge and Loeffler^^ obtained resistance to 
mouse mammary carcinoma 15091 A by 
means of extracts of fresh (unfrozen) mouse 
spleen and not with heterologous spleen. Since 
our work w^as done with frozen and not with 
fresh spleen it is in accord with previously 
published work and there is no reason to sus- 
pect that the Brown-Pearce XYZ factor may 
be found in the spleen of normal or of XYZ 
injected animals. 

Summary. The Brown-Pearce tumor XYZ 
factor could not be prepared from the spleen 
of normal rabbits nor from the spleens of 
rabbits previously injected with the factor. 
There were two experiments comprising 52 
rabbits and further controlled by prior ex- 
periments involving 110 young rabbits like- 
wise injected in Ira- or subcutaneously with 
the Brown-Pearce tumor. 

ih Fardon. J. C., Lo.-illcf, 

M. K., of IHvi Thouuiv, ItUI, 
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Influence of Alloxan Diabetes on Coagulability of the Blood.* 

jMario SiEFANiNr.t (Introduced by Armand J. Quick.) 

From the Department of Biochemistryy Marquette Vniversltpj School of MedicinCt Milwaulcee. 


The possibility that the pancreas may in- 
fluence the coagulation of the blood has been 
considered by several investigators. Boldy- 
reff^*- has reported that pancreatectomy re- 
sults in a temporary delay of the clotting 
time and that the establishment of a pancre- 
atic fistula causes a significant and perma- 
nent prolongation of the clotting time as well 
as a bleeding tendency. Recently Hecht® 
suggested a relationship between the internal 
secretion of the pancreas and the coagulabili- 
ty of the blood. He observed that diabetes 
was more common in families in which cases 
of sporadic hemophilia occurred, the criter- 
ion of sporadic hemophilia being the absence 
of the disease in the 4 preceding generations. 
This observation led Hecht to study the ef- 
fect of alloxan on the clotting time in rats. 
He found that the clotting time of recalcified 
plasma was delayed in those animals which 
responded to alloxan and developed hyper- 
glycemia. 

In the present paper the influence of allox- 
an on the coagulation process was studied by 
means of the coagulation time and b}'' various 
other methods which are more specific in de- 
tecting the basic disturbances in the coagula- 
tion mechanism. 

Experimental. The studies were carried 
out on 10 adult male rabbits. The allo.xan 
monohydrate in a 4% neutral solution in 
physiological saline was injected intraven- 
ously. The dose was of 200 mg per kilo of 

•This reaearch was bUp])orted bv a grant from 
the Division of Itcseurch Grants, National In- 
stitute of Health. 

I Department of Internal Medicine, University 
ot Koina, Italy. Senior Ilesenrch UelJow, National 
lustUuto of Health. 

1 BoldyrefT, W. N., The Tohokit J, Fxp. Med., 
1037, :ii, do'y. 

•‘BoldyrefT, W. N., 2'irp. il. inn. 2lcd. n, 7u;u/c<'- 
heilk,, 1040, oO, 20 . 

3 Hecht, K., .Ictii Med. ScaiuL, 1047, lUO, 311. 


body weight. To counteract the transitory 
hypoglycemia resulting from the drug, 5 cc 
of 50% glucose in water were given every 2 
hours by stomach tube for the first 10 hours. 

The blood sugar level was determined every 
2 hours for the first 10 hours and then every 
2 days using the method of Folin and Wu‘* 
on venous blood obtained from an ear vein. 
On the second, fourth, seventh, tenth and 
fourteenth day samples of blood were obtain- 
ed from the ear artery of the animal in a 
syringe coated with Silicone (General Elec- 
tric Dri Film 9987) through a needle also 
coated with Silicone. Care was taken to 
avoid foaming and contamination with tissue 
Juice. Two 1 cc samples of blood were im- 
mediately transferred to serological tubes with 
a uniform internal diameter of 11 mm, kept 
in a water bath at the constant temperature 
of 37°C and the clotting time determined ac- 
cording to a modified Lee-White technic.^ 
The remaining blood was decalcified by the 
addition of 0.1 M sodium oxalate in the 
ratio of one to ten. The prothrombin con- 
sumption was determined in the serum ob- 
tained from the samples of blood used for 
the determination of the clotting time ac- 
cording to the technic of Quick.® The oxa- 
lated plasma, obtained by centrifuging the 
o.xalated blood for 10 minutes at 2,000 r.p.m. 
was used for the determination of the clot- 
ting time of recalcified plasma, prothrombin 
time, relative concentration of the “labile 
factor”, antithromboplaslin and antithrom- 
bin activities. Botli prothrombin time and 
clotting time of recalcified plasma were de- 
termined by the method of Quick.” The 

^ Folin, O,, J. BioL Chan., 1020, S3. 

o Quick, A, J., Honorato, C. J?., and Stefanini, 
M., Blood, 194S, 1120. 

Quick, A. J., Am. J. Med. Se., 1047, 214, 272. 

* Quick, A. J., The Heiiiorrliagic Discaijcs and 
the Pliysiology of HeniOiJtasii#, Charles Tlioxnas, 
Springfield, 111., 1042. 
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DAY5 AFTER TUMOR TRANSPLANTATION 

Fig. 1. 


normal rabbit and preserved for 68 days 
at 0°F; the third group were control animals. 
Twenty days after the injection of the splenic 
emulsions into the 2 experimental groups the 
animals of these 2 and those of the control 
group (24 animals in all) were injected 
subcutaneously with 0.2 cc of an emulsion 
(1-3 dilution) of Brown-Pearce tumor tissue 
in numerical order. In addition a stock 
animal (NZW) was injected intratesticularly 
with 0.2 cc of the emulsion. Biopsy showed 
that this tumor was nearly all living, the 
animal having been inoculated intratestic- 
ularly. 

Results, The results are summarized in 
Fig. 1 and in Table I. One animal from the 
controls and one from the spleen XYZ series, 
another from the Brown-Pearce XYZ group 
and one from the normal spleen group died 
of intercurrent disease between 2 and 17 days 
after tumor transplantation. These were 
eliminated from the results because mortality 
from the tumor does not occur until 20 day^ 


or longer after inoculation. 

There was no statistically significant differ- 
ence in the success of transplantation,^ in the 
mortality, in the number of metastatic foci, 
nor in their volume, nor in the total tumor 
primary and metastatic per animal inoculated 
between the 3 groups. There was no evi- 
dence that the emulsions of the splenic tissue 
had in anv way significantly alfected the 
course of the Brown-Pearce tumor. 

The Brown-Pearce XYZ group containing 
only 3 animals could not be analyzed statis- 
tically but it was consistent with previous 


experience on the intracutaneous inoculation 
of the Brown-Pearce tumor (Table I). In 8 
prior experiments at the Rockefeller Insti- 
tute,^ at the Louisiana State University*^ 
and at the Baptist Hospitals^® there were 52 
controls and 58 B.P. XYZ animals inocu- 
lated with Brown-Pearce tumor subcutane- 
ously into young rabbits. The incidence 
of tumor proven by autopsy was among all 
animals inoculated, 31% in the controls and 
76% among the XYZ treated animals, meta- 
static foci 2.7 and 7.7, volumes of meta- 
static tumor 12.8 and 31.1 cc, total tumor 
21.6 and 46.7 cc; metastatic foci among 
animals with tumor was 4.4 in the controls 
and 10.2 in the XYZ animals. The results in 
the XYZ group in Uie present experiments 
were in accord with this prior data. 

Discussion, Stern and Willheini published 
a review of the voluminous literature on the 
effect of spleen extracts on transplanted 
tumors.^® jMuch of the work reviewed was 
done mthout controls or without an adequate 
number of animals for statistical analysis. 
Woglom^" found that fresh splenic implants 
increased resistance to tumor transplantation 
but that crushed, frozen or thawed mouse 
spleen had no effect ujxin resistance to Bash- 
ford carcinoma 63 of the mouse. Fardon, 
Brotzge and Loeffler^® obtained resistance to 
mouse mammary carcinoma 15091 A by 
means of extracts of fresh (unfrozen) mouse 
spleen and not with heterologous spleen. Since 
our work was done with frozen and not with 
fresh spleen it is in accord with previously 
published work and there is no reason to sib- 
pect that the Brown-Pearce XYZ factor may 
be found in the spleen of normal or of XYZ 
injected animals. 

Summary, The Brown-Pearce tumor X\/ 
factor could not be prepared from the spleen 
of normal rabbits nor from tlie spleens ol 
rabbits previously injected with the factor. 
There were two e.xperiments comprising 52 
rabbits and further controlled by prior ex- 
periments involving 110 young rabbits like- 
wise injected intra- or subcutaneously with 
the Brown-Pearce tumor. 

Fanloii. J. C,. O. C., uimI I.ooiUor, 

M. K., of Dili Tlaniuw, IIMI, .*L 




Blood Coagulability in Alloxan Diabetes 





Fig. 1. 

Behavior of the clotting time of whole blood and blood sugar 
level after the intravenous injection of alloxan monohydrate (200 
mg per kilo body weight) in rabbits (average figures). 


strength prepared by serial dilution in physio- 
logical saline. Normal and pathological plas- 
mas also showed a similar antithrombin ac- 
tivity, when tested immediately or after incu- 
bation.^ 

Discussion. The results given in the paper 
show that after the administration of alloxan 
sufficient to cause an experimental condition 
of severe diabetes in rabbits, the coagula- 
bility of the blood was very slightly influ- 
enced. ^ The clotting time of whole blood and 
recalcitied plasma were slightly prolonged but 
the other tests that supply more specific in- 
formation as to the manner in which the 
mechanism of the coagulation process is 
influenced, gave normal results. Normal 
activity of thromboplastin and prothrombin 
was demonstrated by the normal prothrombin 
consumption test and the normal prothrombin 
time. No antithrombin or any other anti- 
coagulant could be demonstrated and the 


activity of fibrinogen appeared to be normal. 

From these results one must deduce that 
the influence of alloxan diabetes on coagula- 
tion is not significant and the prolongation of 
the coagulation time is probably a non- 
specific effect, the nature of which remains 
to be investigated. 

Summary. Blood of rabbits injected with 
doses of alloxan monohydrate sufficient to de- 
termine an experimental condition of severe 
diabetes shows a slight delay of the clotting 
time of both whole blood and recalcified 
plasma but not accompanied by any appre- 
ciable modification of other tests giving more 
analytical information of the clotting pro- 
cess. The slight hypocoagulability, which is 
probably non-specific, is not due to the hyper- 
glycemia as it is not corrected by an amount 
of insulin sufficient to normalize transitorily 
the blood sugar level. 
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ot Prothrombin, 7 Dajs After Intravenous Injection of Alloxan iConohvdrato (200 me per 
- kilo body weight). ' ^ 


Rabbit 

No. 

Blood glucose 
level, 

mg per 100 
cc blood 

Control 

117.4 

i 7 

125.6 

7 7 

106,0 

7 7 

112.8 

1 

382.1 

2 

122.4 

3 ' 

402.7 

4 

257.4 

5 

442.8 

G 

239.7 

7 

108.3 

8 

193.7 

9 

320.4 

10 

379.5 


Clotting 


Protlirombiu time,* 

time, sec. luin. 


0 121/. 

6V2 IVA 

6 13 

7 11 

eyo 15 

6 12 

7 171/2 

7 18 

6 IGi/^ 

Gy. 20 

eVa 9V. 

6 171/. 

6 U 

6 IG 


Clotting 

Relative 

time of 

cone, of 

recalclfiod 

"labile 

plasma, 

factor, 

sec. 

% 

95 

100 

120 

85 

95 

IQO 

115 

95 

120 

100 

135 

90 

IGO 

100 

150 

100 

150 

80 

165 

100 

95 

100 

120 

95 

150 

100 

150 

So 


Prothrombin consumption 
Ihr 2 hr 

see. 


16 

21 

23 

2S 

11 

151 / 

101/ 

17 

13 

21 

12 

IS 


30 

20 

24 

10 


14 

19 

111/. 

14 

171 / 

19 

10 

IS 

14 

181/ 


* Arterial blood. 


relative concentration of the ‘^labile factor” 
and the antithrombin activity were deter- 
mined according to technics recently describ- 
•ed.s-9 

Results, Two rabbits out of the 10 investi- 
gated failed to exhibit any modification of 
their blood sugar level. This is not surpris- 
ing as occasionally animals have been found 
hy other investigators^® which resist the action 
of alloxan. The other 8 gave a t}^ical re- 
sponse and the modification of their blood 
sugar level is presented in Table I. Two 
hours after injection the rabbits presented a 
transitory hyperglycemia followed, about 4 
hours later, by a hypoglycemic phase which 
persisted until the eighth hour. On the second 
day the rabbits showed a sharp elevation of 
the blood sugar level, which reached its 
maximum level on the fourth day and then 
remained stationary. Correspondingly a 
marked glycosuria was noted. 

Data showing the effect of alloxan on vari- 
ous constants of the clotting process are shown 
in Fig. 1 and Table I. The clotting time of 

sstefanini 31., and Quick, A. J,, Fed. Proc., 
1948, 7, 191. 

OStefanmi, 31., Proc. Soc. Exi*. Biou .vxD 
Hed., 1948, 07, 22. 

lOlValpolc, A. L., and limes, J. R. 31., Bnt. J, 
P/iarm. and Chcvxiothcr,, 19 4G, 1, 174. 


whole blood and that of recalcified plasma 
appeared to be slightly delayed without any 
appreciable difference between the fourth and 
the fourteenth day of experimental h}T)er- 
glycemia. The difference between these 
animals and normal controls is small but con- 
sistent. As observed by Hecht in rats, transi- 
tory reduction of the hyperglycemia to normal 
with injection of 4 units of insulin per kilo 
weight had no effect on the behavior of the 
clotting time. The prothrombin time was 
normal in all treated and untreated animals. 
The prothrombin consumption, taken one and 
2 hours after the completion of clotting, 
showed wide variations both in normal and 
treated animals, without any direct relation- 
ship to the blood sugar level. Determination 
of the relative concentration of the '^labile 
factor” showed no difference between treated 
and untreated animals. 

The possible presence of an anticoagulant 
was ruled out. The addition of half volume 
of whole blood and plasma of normal and 
alloxan treated animals gave a clotting time 
close to the arithmetical average of the two. 
The possibility of the presence of an anti- 
thromboplastin was excluded as both normal 
and treated rabbit plasmas^ gave similar 
curves when their prothrombin times were 
determined with thrombopIa.stin of varying 
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TABLE I. 

Stcriliziug Dosage of Penicillin in Mice Infected 
Int raeerebraUy with Streptococci, 

Daily dosage in units 
:Meau of 5 passages 


Group 

Strain 

1'5 

6-10 

11-15 

A 


360 

540 

780 

A 


4S0 

660 

630 

B 


>1800 

>21,000 

>30,000 

B 

T-, 

>1860 

>21,000 

>30,000 

C 


>1860 

>21,000 

>30,000 

C 

D., 

>1860 

>21,000 

>30,000 


val5, usually the fifth, tenth, and fifteenth 
passages, for tn vitro penicillin sensitivity by 
the whole plate method. 

Fertile hens’ eggs, after incubation at 
37.5^C for 10-13 days, were infected in the 
chorio-allantoic space with O.l ml of an 18- 
hour broth culture of streptococcus. This was 
followed immediately by penicillin G through 
the same burr hole and at approximately the 
same depth. Initially, the doses arbitrarily 
assigned were 0.1, 0.2, and 0.3 units of peni- 
cillin per egg in 0.1 ml amounts. Usually 2 
eggs w^ere used for each dosage, and 2 as un- 
treated controls. After twenty-four hours in- 
cubation all eggs were harvested through the 
air sac and chorio-allantoic fluid streaked onto 
blood agar plates. Growth from the egg that 
had received the largest amount of penicillin 
was inoculated into broth for the next serial 
passage. The penicillin dosage was adjusted 
for each passage, so that 2 eggs received the 
same amount, 2 approximately 25% more, 
and 2 approximately 25% less than that of the 
from which the culture had been obtained. 
In vitro sensitivity tests were performed at 
the tifth, tenth, fifteenth, tw'entieth, and 
twenty-fifth passage by the whole plate tech- 
nic. 

Results, The results in mice are given in 
Table I. It may be seen that for the 2 group 
.'V organisms no significant increase in the 
penicillin requirement for bacterial steriliza- 
tion was found between the first and fifteenth 
passage in mice. 

\yith group B and group C streptococci, a 
positive culture was obtained in every in- 
stance from the brain of animals receiving the 


maximum dose of penicillin. A dosage of 
30,000 units of penicillin w*as reached by the 
ninth passage. It w’as maintained at this level 
for the next 7 passages, as this was close to 
the toxic dose for mice. Positive cultures w'ere 
also obtained from mice that had been infected 
with the parent strains and treated with 30,- 
000 units of penicillin. For this reason, the 
means of the first to fifth and sixth to tenth 
passages in Table I should not be interpreted 
as demonstrating an increase in resistance to 
penicillin. While this may be true, our data 
do not prove it. 

When the group A, B. and C organisms 
w'ere tested by in vitro technics, there w^as no 
difference in sensitivity betw'een the parent 
strains and those obtained after 15 passages 
in treated mice. 

The mouse virulence of all 6 parent strains, 
the same strains after 15 passages in normal 
mice, and after 15 passages in penicillin 
treated mice, were essentially alike. 

The results in eggs are given in Table II. 
For the group A organisms there w’as no 
appreciable difference in the amount of peni- 
cillin necessary’ to sterilize the chorio-allan- 
toic fluid in the first and the tw’enty-fifth pas- 
sage in both strains studied. In contrast, 
both group B and C organisms show'ed a pro- 
gressively increased resistance to penicillin on 
serial passages in treated eggs. Approxi- 
mately 30 to 40 times as much penicillin w’as 
required to sterilize the chorio-allantoic fluid 
for the group B strains on the twenty’-fifth 
passage as was needed for the first. For the 
group C organisms this difference was 12 and 
3 fold respectively. This apparent change in 
penicillin resistance was not reflected in the 
in vitro sensitivities as all 6 strains maintained 
their initial sensitivities throughout the 25 
serial passages. 

Conclusion. Two strains of group A strep- 
tococci failed to acquire resistance to penicil- 
lin after repeated exposures to sublethal 
amounts either in embryonated hens’ eggs or 
in mice. With 2 strains each of group B and 
C orpnisms, ho\Yever, in eggs there was a 
definite increase in penicillin resistance. In 
mice this same increase may have occurred. 
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Antibiotic Studies on Beta Hemolytic Streptococci. IV. Penicillin Re 
sistance Induced in Mice and Embryonated Eggs. 

Horace M. Gezon and George R. Collins. (Introduced by C. Phillip Miller.) 

From the Department of Pediatrics, The University of Chicago. 


Induced in vivo penicillin resistance has 
been demonstrated in only a few species of 
bacteria. Miller and Bohnhoff^ were able to 
induce penicillin resistance in a strain of 
meningococcus by serial passage in mice when 
the animals received sub-protective doses of 
penicillin. After 12 passages, the PD^o was 
increased 100 fold, and the hi vitro resistance 
was increased 50 fold. After 60 passages, 170 
times as much penicillin was needed to pro- 
jLect 50% of the mice as was required for the 
first passage. Schmidt and Sesler- using two 
strains of pneumococcus demonstrated a 4 
fold rise in penicillin resistance after 7 pas- 
sages in mice that had been treated with 
penicillin. In previous reports from this 
laboratory,^"'" the development of in vitro 
resistance to penicillin was demonstrated for 
28 strains of groups A, B, and C beta hemo- 
lytic streptococci. The group A organisms 
developed resistance very slowly, the group 
B relatively quickly, and the group C inter- 
mediately. The maximum change induced in 
the group A organisms after 60 transfers was 
17 fold, in group B, 190 fold, and in group C, 
16 fold. Milzer*^ and his coworkers have re- 
cently shown that patients who had received 
oral penicillin had resistant strains of beta 
hemolytic streptococci present in their naso- 
pharynx. Typing and grouping were not 
made, nor were sensitivities determined on 

1 Miller, C. P., and Bolnilioff, M., J. Inf. Dis., 
in i>rcss. 

‘J Schmidt, L. H., and Sesler, C. L., Proc. Soc. 
Kxp. Biol, and Med., 1943, 52, 353. 

3 Gezon, H. :M., Pkoc. Soo. Exp. Biol, and .Med., 
194S, 67, 208. 

4 Gezon, H. M., Proc. Soc. Exp. Biol, and Med., 
1948, 67, 212. 

r. Gezon, 11. M., Proc. Soc. Exp. Biol, and ^Ied., 
194S, 67, 215. 

a Milzer, A., Kohn, K. 11., and MacLeun, H., 

./. Am. Med. Assn., 1948, 130, 530. 


the strains before therapy was started. It 
would be impossible, therefore to say that 
the organisms that developed resistance ^Yere 
the strains present at the outset. 

Technic. A total of 6 strains of beta hemo- 
lytic streptococci, 2 each of groups A, B, and 
C were used for the present study. The same 
strains, designated Sj^ S.i, T^, T^, Ui, and 
Uo, were used in our previous reports.'""*'* .All 
were obtained from patients who had re- 
ceived no penicillin therapy. 

For mouse passage, 0.03 ml of an 18-hour 
culture of the organism in veal infusion broth 
containing 5 % defibrinated sheep’s blood was 
injected intracerebrally into each of 6 mice. 
The animals, in pairs, received 3 inj'ections of 
penicillin G at 2^4 -hour intervals. Initially, 
the total doses arbitrarily assigned were 150, 
300, and 450 units given subcutaneously in 
0.2 nil amounts. Twenty-four hours after 
infection, a surviving animal for each of the 
penicillin dosages was sacrificed, and broth 
cultures made of the brain and cerebrospinal 
fluid. The positive culture from the animal 
receiving the highest quantity of penicillin 
was used for the next serial passage. The 
dosage schedule was adjusted for each trans- 
fer, so that two animals received the same 
amount, two a larger amount, and two a 
smaller amount than that of the mouse from 
which the culture had been obtained. These 
changes were approximately 25% for the 
group A, and up to 100% for the group B 
and C organisms. 

Virulence studies were made on the parent 
strain, the parent strain after 15 passages in 
normal mice, and the same strain after 15 
passages in animals that had received -sub- 
protective doses of penicillin. The technic 
used for this was the same as that described 
in a previous communication.-'^ The parent 
and resistant organisms were tested at inter- 
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hydrate) of the ''resistant'' strains isolated 
after treatment determined; 

The present report is concerned with a 
study of the penicillin sensitivity of strains 
of group A hemolytic streptococci isolated 
from scarlet fever patients before, during, and 
following therapy in order to determine 
whether or not resistance to the antibacterial 
agent developed during short periods of ad- 
ministration of the drug by either the oral or 
parenteral route. 

Materials and methods. The patients from 
whom the strains hemolytic streptococci de- 
scribed in this paper were obtained had clin- 
ical evidence of scarlet fever and were started 
on penicillin therapyt on admission to the 
hospital. The total dose of the drug ranged 
from 1,200,000 to 3,000,000 units intramus- 
cularly or 3,000,000 to 15,000,000 units 
orally given over a period of 10 days, the 
interval between each dose being either 3 or 
8 hours depending on the schedule employed. 
Blood levels of penicillin were determined on 
most patients twice (2nd 9th days) during 
treatment and were therapeutically adequate 
in every instance. 

Cultures of the throat and nasopharynx of 
all patients were made at the time of admis- 
sion, every day during the 10 days of treat- 
ment, and every other day after therapy was 
discontinued (usually 11 days). If beta- 
hemolytic streptococci were found in the naso- 
pharynx after the penicillin was stopped, daily 
culturing was resumed. Characteristic 
colonies of beta-hemolytic streptococci were 
isolated from blood-heart infusion-yeast-agar, 
reinoculated on the same medium and stored 
at 4''C. All of the strains were grouped by 
the precipitin technic,^ and their penicillin 
sensitivity determined by the method of Ram- 

t Tlie penicillin used in this study was supplied 
by the Sehenley Laboratories, Inc,, Xe\Y York 
City. The intramuscular penicillin used was the 
potassium salt of erystalliiie ])enicilUn G. Tlic 
oral tablets wore erystalline penicillin G potassium 
salt buffered with caleiujn earbuiiate, r>0,000 or 
100,000 units each. 

« Swift, ir. F., Wilson, A. T., and Laiiceficdd, 
R. C., Kxp, Mai. 1013, 78, 1:27. 

Hammelkamp. C, U., Pkoo. Soo. Exi*. Biol. 
.VNi) Mf.ii.. id to, 34. 


melkamp® using a known penicillin sensitive 
strain of strep, pyogene (R-98) as control. 

Results'. 195 strains of group A beta- 
hemolytic streptococci isolated from patients 
before they were treated with penicillin 
were tested for sensitivity to the drug. Two 
of the strains were inhibited by 0.0313 unit of 
penicillin, 75 by 0.0156 unit, 115 by 0.0078 
unit, and 3 by 0,0039 unit. This range of 
sensitivity is essentially in agreement with 
that previously reported for this organism.^ 

Although penicillin eradicated the beta- 
hemolytic streptococci from the nasopharynx 
of most patients with scarlet fever in 48 hours, 
positive cultures were obtained during treat- 
ment on 37 different occasions. The number 
of hemolytic streptococcal isolations, the day 
on which the organisms were recovered and 
their penicillin sensitivity are shown on Table 
I. These strains had all been in contact with 
penicillin at the time when their drug sensi- 
tivity was determined since they were isolated 
from cases in which the streptococci failed to 
disappear despite treatment or from , indi- 
viduals in whom they had disappeared and 
subsequently recurred probably as the result 
of exposure to other patients in the ward who 
still harbored the organisms in the naso- 
pharynx. None of the strains showed a great- 
er tolerance to penicillin than that of the 
cultures isolated at the time of admission to 
the hospital before any antibiotic therapy was 
administered. 

Beta-hemolytic streptococci belonging to 
group A were isolated in 24 instances after 
penicillin was stopped, the organisms being 
recovered 1 to 34 days after therapy was 
halted. Six of these strains were inhibited by 
0.0156 unit of penicillin, 16 by 0.0078 unit 
and 2 by 0.0039 unit. None were penicillin 
resistant and their presence in the nose or 
pharynx following a full course of antibiotic 
administration can probably be accounted for 
best on the basis of contamination resulting 
from intimate or remote contact with individ- 
uals who were in the early phase of treatment 
or who had just entered the hospital and had 
not yet received any penicillin. 

Disciisston, The development of resistant 
strains of bacteria during contact with various 
antibiotic agents in use at present is well- 



314 


Drug Sensitivity of Hemolytic Streptococci 


Sterilizing Dosage 


TABLE II, 

of Penicillin in Eggs Infected 
Streptococci. 


in tile ChoriO'AlIantoio 


Space with 


Daily dosage in units 
Mean of 5 passages 


Group 

Strain 

/ 

1-5 

6-10 

11-15 

16-20 


A 

So 

0.19 

0.33 

0.17 

0.24 

0.28 

A 

Sa 

0.34 

0.32 

0.32 

0.34 

0.30 

B 

Ta 

1.70 

2.80 

1.76 

3.60 

5.60 

B 

Tr. 

0.42 

0.66 

1.52 

3.S0 

6.60 

C 


0.25 

0.18 

0.54 

0.52 

0.66 

C 

Uo 

0.30 

0.22 

0,36 

0.60 

2.IS 


but we failed to demonstrate it through limi- 
tations of the method. The increasing peni- 
cillin resistance in vivo of the group B and C 


streptococci was not associated with increas- 
ing resistance in vitro. 
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Drug Sensitivity of Hemolytic Streptococci Isolated from Cases of Scarlet 
Fever Treated with Penicillin.^ 

Thomas L. Hartman and Louis Weinstein. 

From the Haynes Memorial and Evans Mcmorialj Massachusetts Memorial Hospitals^ and the 
Department of Medicine, Boston University School of Medicine, Boston, Mass. 


The development of resistance to penicillin 
has been observed to occur in vivo in strains 
of Streptococcus viridans and Staphylococcus 
aureus during therapy with this agent.^*- 

Although penicillin has had very wide use 
in the treatment of group A hemolytic strep- 
tococcus infections there have been no reports 
of the development of strains with lack of 
sensitivity to this drug which constituted 
therapeutic problems. 

Available information^^ would seem to 

* This study was aided by a grant from Schcii- 
ley Laboratories, New Y’ork City, 

1 Clark, W. IL, Bryiier, S., and Rantz, L. A., 
Anu J. Med., 19IS, 4, 671. 

2 Spink, W. W., and Perris, V., J. Clin, Invest,, 
1947, 2G, 379. 

3 Watson, R. P., Pkoc. Soc, Exp. Biol, .^nd 
Meu., 1944, 57, 65. 

4 Meads, M., Ory, E. :M., Wilcox, C., and Fin- 
land M., Lai), and Clin, Med,, 3945, GO, /25. 

‘ sRantz, L. A., Randall, E., Spink, W. W., and 
Boisvert, P. J., PROC. Soc. Exp. Biol, .uni> Med., 
1946, 54. 


indicate that Strep, pyogenes (group A) as 
encountered in the general population is 
almost uniformly highly susceptible to peni- 
cillin. Hirsch et a/./* however, have reported 
the isolation of a strain of this organism 
which was susceptible only to 0.625 units of 
penicillin from a patient ill with scarlet fever 
who had not received any antibiotic therapy. 
Recently, Milzer et al.f reported the occur- 
rence of penicillin-resistant beta hemolytic 
streptococci in the throat cultures of children 
with rheumatic fever treated prophylactically 
with 100,000 units of penicillin orally each 
day for at least 4 months. Although these 
strains were resistant to 10 units of penicillin 
following the period of prophylaxis, none of 
the streptococci present prior to chemother- 
apy were available for comparison: nor was 
the serologic group (group specific carbo- 

0 Hirsh, H. L., Rotmrin-Kavkxi, G., Dowliiig, 
H. P., and Sweet, L. K., J„l.M.A,, J947, liUt, 657. 

7 Milzcr, A., Kohn, K. H., and ^fae Scars, R., 
J.A.J/.J., 19iS, JGO, 536. 
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some way to anoxia of the erythropoietic cells 
of the bone marrow. Because in contrast to 
secondary polycythemias the percentage oxy- 
gen saturation of the arterial blood is normal,^ 
the application of this theory to polycythemia 
vera requires that anoxia be produced by cir- 
cumstances local to the bone marrow. Rezni- 
koff, Foot and Bethea" have described a pos- 
sible cause of local bone marrow anoxia in 
certain cases of polycythemia vera in marked 
narrowing and fibrosis of the arteries and 
arterioles of that organ. Brilliant support for 
this concept derives from the recent experi- 
ments of Schafer^ with dogs rendered hyper- 
tensive and polycythemic by proprioceptor de- 
pressor neurotomy. 

In other cases of polycythemia vera the 
white blood cell count in the peripheral blood 
may be elevated with evidence of myeloid 
immaturity. Likewise^ in the bone rqarrow 
myeloid hyperactivity and immaturity may be 
found Splenomegaly is prominent and the 
disease process may evolve sooner of later into 
anemia associated with the features of myelo- 
genous leukemia, non-leukemic myelosis, or 
even of osteosclerotic anemia.'*'*’' Castle* has 
suggested that in this splenomegalic type of 
polycythemia vera the hyperactivity of the 
myeloid cells of the bone marrow causes a re- 
duction in the o.xygen available to the erythro- 
poietic cells, either because of competitive 
utilization of the available oxygen by the mye- 
loid cells or because of their mechanical in- 
terference with the vascular supply of the 
erythropoietic cells. 

This paper reports an attempt to confirm 
the validity of this theory by a direct 
measure of the oxygen saturation and tension 

I UitzonlKM'gvr, K., 7.. f. kHn, MuL, 1U34, 120, 
41)5. 

Ui‘/.mkolT, l\, Foot, N. (\, and HetUt»a. J. M., 
.Im. J, Xn.. 1035, 180, 753. 

‘iSi-hafor, l\ \V., .Ian. Xar^;., 1045, 122, lOOS. 

^ Zadek, 1., Ertjvbn. d. ffoi. 1027, 10, 355. 

Uosontiial, N., and Ikifesen, F. A., .4rc/», lut, 
l/rd., 103K, 02, 003. 

r»Yuuglian, J. M„ and Harrison, ('. Y„ ,/. path, 
««(? liact., 1030. d8, 330. 

* Castk*, NY. U., (Tjai>tor on Uluoil, in Patholotfic 
a>\d Mf'charnmnn of lixacasCf \Y. A. 
Sodoinan, editor, in pros. 


of samples of blood removed from the sternal 
marrow cavity. 

Methods, Two sets of investigations were 
carried out. In the first study conducted in 
1941 5 cc of blood were withdrawn by 
gentle suction from the sternal marrow cavity. 
Thereafter, using conventional methods for 
handling the sample under oil in an ice 
bath and employing Wintrobe^s dry oxalate 
mixture as anticoagulant, the carbon dioxide 
and oxygen contents of the sample as well 
as its oxygen capacity were determined in 
duplicate by the Van Slyke manometric com- 
bined method® using the 0.5 cc technic, in 
several instances the pH of the marrow blood 
was determined anaerobically by the glass 
electrode method using the Beckman instru- 
ment. 

In the second study begun in 1947 blood 
samples were obtained by sternal puncture 
without suction. A sterile 16 gauge needle 
was washed with sterile heparin solution, the 
stylet was placed in position and sternal punc- 
ture was performed as usual. The patient 
was then turned on his side so that the needle 
sloped downward away from its point. The 
stylet was withdrawn and in many instances 
blood began slowly to fill the hub .of the 
needle. Whenever no blood appeared, gentle 
probing with a long stylet usually started a 
flow. The tip of a 22 gauge needle attached 
to a tuberculin syringe was then introduced 
into the hub of the sternal puncture needle and 
the blood carefully sucked up as it welled into 
the hub of the needle. The dead space in the 
needle and the syringe was completely filled 
with heparin solution, i mg per cc. 

The blood samples so obtained varied 
from 0.6 to l.O cc in volume. They were 
handled as described by Roughton and Scho- 
lander*^ except that a metal bead replaced 
the drop of mercury for mixing the blood and 
heparin solution. Peripheral arterial and ven- 
ous blood samples were taken immediately 
after the sternal puncture, using the technic 
of collection and storage employed with the 

SVan Sivkts D. D., and Neill, J, M., J, Jiiol. 
Chem., 1924, (II, 523. 

»RougUtoD, F. .1. NV., and .Si-holander, }>, JF., 
J. Biol, Chan,, 1943, 148, D4J. 
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TABLE L 

PemcUliu Sensitivitj" of Group A Beta-liemolytic Streptococci Isolated During Peuicillin 
Therapy. , 


Boute of 

Peiiicilliii ■ penieilliut D-n- of treatment and Total 

sensitivity* administration No. of strains of strep. isolations 




2 

3 

4 

5 

6 

7 

8 

9 

10 


.0156 

lU 

3 

1 

1 

1 

3 

1 

o 

2 

1 

1.1 


■ PO 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

.0078 

i:m 

3 

1 

o 

0 

0 

0 

1 

1 

2 

10 


PO 

2 

1 


0 

1 

o 

1 

1 

0 

10 

.0039 

IM 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 


PO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 


10 

3 

5 

1 

4 

3 

4 

4 

3 

37 


^ Quantity whicli inhibited groivth. 
t IM — intramuscular; P.O. — oral. 


known. The circumstances of the appearance 
of sulfonamide resistant group A beta-hemo- 
lytic streptococci in -the Armed Forces has 
been reviewed elsewhere.^^ The possibility 
that a similar situation might arise as a 
result of the extensive use of penicillin has 
been anticipated but not observed clinically. 
Despite the failure of group A beta-hemo- 
' lytic* streptococci to develop proved penicillin 
T^istance m vivo during treatment, there is 
good evidence that this phenomenon can be 
produced with ease in vitro. Weinstein and 
‘Tsao^^ made a number of strains of this 
'organism 4 to 32 times more resistant to 
'penicillin by frequent subculture in media 
containing increasing amounts of the drug; 
^this resistance was only temporary, however, 

lOHai'tmau, T, L., and Wtdiisfein, L., Xew Eng. 
J. 1918, 3B8, 560. 

Weinstein, L., and Ts;io, C. C. L., Paoc. Sor. 
Exp, Biol, axd Med., 1947, 06, 598. 


and was made to disappear by frequent sub- 
culture in antibiotic-free media. Gezon/- 
using a slightly different technic, reported 
similar results. 

Summary. (1) Studies of the penicillin 
sensitivity of group A hemolytic streptococci 
isolated from scarlet fever patients before, 
during, and following penicillin therapy indi- 
cate that, ndth the usual “short’^ courses of 
treatment, drug-resistant strains of the organ- 
ism do not appear. - 

(2) The likelihood of the development of 
penicillin resistance in cases of streptococcal 
infection treated with this agent appears to 
be very remote. 

(3) No penicillin-resistant strains of Strep, 
pyogenes (group A) were recovered in any 
instance before antibiotic therapy was started. 

1- Gczon, II. :M., Proc. Soc. Exp. Biol, axr 
ilED., 1948, 67, 208. 
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Oxygen Saturation of Sternal Marrow Blood with Special Reference to 
Pathogenesis of Polycythemia Vera.* 

Lionel Berk,' Joseph H. Burchenal, Theo AVood, and Willia.m B. Castle. 
From the Thonidil’C M^emoriol Lahoratonj. Second and Fourth Medical ServictJt { Harvard). 
Bonton City Hanidtal, and the Department of Medicine, Harvard Mtdieal School. 


There are two main theories of the patho- 

^iV expt-iises of this hivestigation wen* de- 
frayed ill pJirt by the J. 1C, Lilly gift to the 
Biirvurd ^ledical Sebool. 

* Deceased. 


genesis of polycythemia vera. The older 
theory considers that the disease is neoplastic 
in nature. The other theory supposes that 
polycythemia vera, like most forms of e.xperi- 
mental and clinical polycythemia, is due in 
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mcderateiv anemic, ranged from 79,0 to 99,2 
with a mean of 88,6 rt: 5.S6%. The oxygen 
capacity of the arterial blood of these sub- 
jects ranged from 15.0 to 21.6 with an 
average of 1S.8 :±: L99 volumes %. 

Polycythemia Vera. In the first study, 17 
determinations of the oxygen saturation of the 
sternal marrow blood of 13 patients with poly- 
cythemia vera gave readings between 70.1 
and 83-4 with a mean of 76.8 ±: 3.29^. Of 
these, 7 determinations were made on 6 pa- 
tients with normal white blood cell counts in 
the peripheral blood (5,000 to 12,900 per 
cu mm. The results showed values between 
78.8 and 83.4 with a mean of 80,4 ±: 1.64%. 
Ten determinations made upon 7 patients 
with elevated white blood cell counts in the 
peripheral blood (17.300 to 40,000 per cu 
mm) showed values of 70.1 to 78.9 with a 
mean of 75,0 rrr 2.69%. 

In the second study the values obtained 
for the o.xygen saturation of the marrow blood 
of 10 patients with polycythemia vera ranged 
from 80.3 to 93.0 with a mean of 87,3 ±: 
4.49%. In the 3 patients with normal white 
blood cell counts, the corresponding values 
were 91.7, 88.5 and SI. 7% respectively. The 
percentage oxygen saturation of the arterial 
blood samples was within normal limits in 
all the patients included in this study as well 
as in 8 other patients with polycythemia vera 
that exhibited elevated arterial oxygen capaci- 
ties ranging from 22.8 to 33.0 volumes %. 

Secondary Polycythemia. Including the 
observations from both studies 7 determina- 
tions of the percentage o.xygen saturation of 
the marrow blood were made in 6 patients 
with polycythemia secondary either to cardiac 
or pulmonary disease. In 5 of these patients 
the oxygen capacity of the arterial blood was 
elevated, tanging from 22.7 to 30.7 volumes 
The other patient showed a normal oxy- 
gen capacity of the arterial blood because of 
previous venesections. However, in all the 
arterial blood was definitely unsaiurated and 
carried only from 66.3 to 87,8% of its oxygen 
capacity. The oxygen saturation of the 
sternal marrow blood in all instances likewise 
fell below normal limits with extremes of 
61,8 and 74.8%. 


Anemia. Including observations made in 
both studies the percentage oxy'gen saturation 
of the blood in the sternal marrow^ of 12 
patients wdth chronic anemia due to various 
causes was determined. The oxygen capacity 
of the marrow’ blood of these patients ranged 
from 6.0 to 14.2 volumes %. Excluding one 
patient, with the extremely low value of 
58.4%, the o.\Tgen saturation of the marrow 
bloods ranged from 72,9 to 94.5 and averaged 
SI.3 6.34. In the 8 patients of the second 
study in which the determination was made 
the o-xygen saturation of the arterial blood 
samples was likewise normal. 

Leukefnias and Myeiold Metaplasia. In the 
first study the oxj’gen saturation of the mar- 
row blood of 7 cases of leukemia and of 
myeloid metaplasia was determined, with 
results ranging from 50.0 to 73.7%. The 
average value was 65.8 ±: 7.8%. However, in 
the second study the oxygen saturation of the 
marrow blood of 4 patients ranged between 
7S.5 and 91,1%, indicating no significant de- 
parture from normal values. 

Discussion. The results obtained and 
plotted in Fig. 1 do not in general demonstrate 
a lowered percentage o.xygen saturation of 
sterna] marrow blood in polycythemia vera. 
Also in the few instances in which, in the first 
study, oxygen tensions were calculated from 
the oxygen saturation and the pH of the 
sternal marrow blood according to the methods 
of Bock and his associates'^ no significant 
differences between the controls and the pa- 
tients with polycythemia vera were demon- 
strated. In the patients with polycythemia 
secondary to pulmonary or cardiac, disease, 
the percentage oxygen saturation of the 
marrow blood was distinctly reduced below 
that of the normals and convalescent controls. 
However, this was presumably due to the 
demonstrated unsaturation of the arterial 
blood. 

It is important to note that even in the 
cases of anemia, where it is generally acknowl- 
edged that an anoxic stimulus to blood forma- 

UBock, A. V., Dill, D. B., Hur.xtb. 7 l, h. M., 
Lawrence, J. S., Coolidge, T. C., Dailey, M. E., 
and Henderson, L. J., J. Biot Chem., 1027 TB 
749 . 
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Fig. 1, 

Percentage oxygen saturation of samples of blood removed 
by needle puncture from the sternal marrow cavity of normal 
subjects, convalescent control patients and patients with poly* 
cythemia vera, secondary polycythemia, chronic anemia, and leu* 
kemia or myeloid metaplasia. Each symbol represents the result 
of 'a single determination. The open dots indicate results from 
• the first study; the solid dots those from the secoml. The results 
of the first study outpatients ^vith polycythemia vera are divided 
* . into two groups, according to whether the white blood cell count 

U' • of tiie peripheral blood was normal, 5,000 to l-,000 per cu inni 

(open dots divided vertically) or Idgh, 17,300 to 40,000 per eii 
mm (open dots divided horizontally). 


marrow bJood. Duplicate determinations 
were' made by each of two operators of' the 
oxygen content of the blood samples by the 
Rough to n-SchoIander micro method^ employ- 
ing 0.04 cc of blood for each analysis. Ap- 
propriate allowance was made for the dilu- 
tion produced by the known volume of heparin 
solution in the dead space in the needle and 
syringe. Oxygen capacity was determined by 
measuring the hemoglobin content of a O.I cc 
sample of blood in an Evelyn photoelectric 
colorimeter using a factor of 2.58.^*^ Control 
observ'ations were made on the same sample 
of blood by the Roughlon-Scholauder, the 
Van Slyke and photoelectric methods respec- 
tively. The results in three such experiments 
on blood samples with oxygen capacities of 
17.3, 17. S and T8.9 displayed close agree- 
ment, the greatest differences being 0.2, 0.3 
and 0.4 volumes % respectively. Other con- 
trol observations on a dummy set-up using 
partially reduced blood sho wed no significa nt 

10 Evelyn, K. A., 


exposure of the blood in the hub of the 
sternal puncture needle to the air before it 
was sucked into the collecting tuberculin 
syringe. The accuracy of the Roughton- 
Scholander technic in our hands when tested 
on atmospheric air was only’’ slightly' beyond 
the limits claimed for the method by its 
authors. 

Results. The results of the obser\'alions 
are plotted in Fig. 1. 

Controls. In the first studies the oxygen 
saturation of 21 marrow bloods derived either 
from normal subjects or from convalescent 
hospital patients ranged from 75.0 to 87.4 
with a mean of SI. I :ii3.49%. The oxygen 
capacity of the sternal blood samples from 
these subjects ranged from 17.3 to 23.6 with 
an average of 19.S lir 1.75 v'olumes Cc* l-be 
pH of the marrow blood in the 8 samples 
studied ranged from 7.45 to 7.54. 

In the second study tiie oxygen saturation 
of 13 marrow bloods derived from convales- 
cent hospital patients who were in 2 instances 
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Incidence of Mammary Tumors in Castrate and ISon-Castrate Male Mice 

Bearing Ovarian Grafts.’* . - 

Robert A. Huseby and John J. Bittner. 

From the Division of Cancer Biolooyf Department of FUysiologyy VniversUy of Minnesota 
Medical Schooly Minneapolis, Minn, 


Although extensive investigations have 
been carried out determining the state of 
function of ovaries grafted to castrate, non- 
castrate and crvTptorchid male animals (for 
review articles see there appear to be 

only 2 reports of the successful production 
of mammary carcinoma in male mice by 
this surgical procedure. ^Nlurray^ observed 
mammary tumors in 7.1% of 210 dba castrate 
male mice bearing intraperitoneal ovarian 
grafts while de Jongh and Korteweg^' report 
the development of mammary carcinoma in 
9 of 16 male mice similarly treated. Since 
it has been subsequently established that the 
rodent liver very effectively inactivates estro- 
genic substances carried through the portal 
circulation**-' and that after castration the 
adrenals of male mice of at least one strain 
may produce sufficient estrogen for the devel- 
opment of mammary cancer,^ it was felt 
worth while to reinvestigate this problem. 
The data presented here represent a comple- 

* .Vssisted by grants from tlie ilinnosota Divi* 
slou of the American Cancer Society, tbe Citizens 
.\id Kui-iety of Minneapolis, The Graduate School 
Cancer Research Fund of the University of Min* 
nesota, and the American ('ancer Society upon 
recommendation of the Committee on Growth of 
the National Research Council, 

t Moore, R., and Price, D., Am. J. Anal., 
50, la. 

- Smeiser, G. K., Fhy.siol. ZooL, 1933, «, 390. 

‘U'.arduer, M’. U., KnJo., 1935, 19, 050. 

^ Murray, W. S„ J. Canevr lU s., 19*38, 12, IS, 

'*de dough. S. F... and Korteweg, U., .Ichi 6rer. 
.\(erland., 1935. 5, 1*J0. 

‘‘Zondek. 11., Sluaduuie. Arch. F, PhysuA., 1934, 
70, 133. 

* Golden, d. II., and Severinghaus, E, L., Pp.oc. 
Sor. Exp, Riou and Men., 1938, UU, 301. 

^'Wooley. G., Fekete. E., a)}d Little, C. C,, 
Undo., 1941, 28, 341. 

•‘‘UuM'by. R. A., Smith, F, W., and Bittner, 


tion and extension of those previously re- 
ported in preliminary form.^ 

Materials and Methods. All mice used in 
these e.xperiments were Fi hybrids between 
the A and Z (C:*H) stocks maintained in this 
laboratory. As virgin female mice of the 
reciprocal A X Z cross exhibit a different 
incidence of mammary carcinoma as well as 
a different average age of tumor develop- 
ment,^*^ appro.ximately equal numbers of ani- 
mals of the two crosses were employed in each 
of the groups in these experiments. All sur- 
gical procedures were carried out soon after 
weaning, /.c., when the mice were 4 to 6 weeks 
of age, after which the animals were housed in 
wooden bo.xes, fed Purina Fox Chow ad lib- 
itum, and inspected once a week for the 
appearance of subcutaneous tumors. All such 
tumor masses were studied microscopically. 

The method of ovarian transplantation was 
the same as that previously employed in 
female mice,^^ consisting of the removal of 
the ovaries from their encompassing ovarian 
sac and inserting them deep into the tissue 
of the axilla through a small skin incision. 
In our hands this method has proven superior 
to intraperitoneal implantation in mice since 
aseptic technics need not be employed as is 
necessary for intraperitoneal implantation, 
and the danger of portal vascularization is 
obviated. From the data obtained with 
ovarian transplantation into ovariectomized 
female mice, it would appear that ovaries 
grafted in this manner function very similar 
to those remaining in place within the 
abdomen. Castration was carried out via a 
iranscrotal approach and was done at the 

i 

,1. J., rauc'cr Pc.sCMrcIi, 1940, O, 494. 

J. J., and Iluaeby, R. A., Cancer 
JU\starch, 1940, (j, 335. 

n Huseby, R, A., ajxl Biitncr, .J. J., Proi-. 
Fourth IntiT. Cancer Res, Congress, 1947, in pre.ss. 
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tion exists, lowered percentage oxygen satura- 
tion o{‘ the marrow blood was not demon- 
strable in the present investigation. This 
result suggests that the failure to find de- 
creased oxygen saturation in the marrow blood 
of the patients with anemia, and conceivably 
of those with polycythemia vera, may have 
been due to failure to obtain samples of blood 
that truly reflect the environmental conditions 
of the erythropoietic cells of the bone marrow. 
Penetration by the needle of the rigid bony 
cortex surrounding the. marrow quite possibly 
creates a fundamental disturbance of the local 
pressure relations which, together with the 
inevitable injury to marrow vessels, may cause 
a totally abnormal situation with respect to 
local blood flow. 

The values for the percentage oxygen sat- 
uration of the marrow blood in all patients 
tested, with a single exception, lay between 
those of the peripheral arterial and venous 
blood. Therefore, in the observations re- 
ported here as in those of Grant and Root^- 
using a somewhat similar technic in dogs, 
it would appear that samples containing 
variable proportions of arterial and venous 
blood were obtained upon marrow puncture. 
The fact that, in general, in the first study 
the oxygen saturations of the marrow bloods 
were lower than in the second suggests that 
the suction employed in the first study caused 
a greater proportional backflow of blood from 
the venous side of the marrow circulation than 
occurred in the second study in which suction 
was not used. Because the venous blood 
leaving the marrow presumably reflects its 
total metabolic activity, the samples obtained 
by suction may have more nearly represented 
its rate of oxygen consumption than did those 
obtained without suction in the second study. 

In the light of this possibility it is interest- 
ing to note that there is a suggestion in the 
first study that the patients with high 
peripheral white blood cell counts, that is, 
the cases with myeloid overactivity, tended 
to show lower percentage oxygen saturations 
of the marrow blood than did patients with 

lU Grant, ^Y. G., Boot, ^V. S.. .Ua. »/. 

P/ji/.sioZ., 1937, lot), OIS. 


normal or low white blood cell counts. An- 
other feature of interest in the firat study 
is the consistently low values for percentage 
oxygen saturation obtained in the cases of 
leukemia and of myeloid metaplasia. Be- 
cause increased oxygen consumption by the 
leukocytes of the blood after withdrawal of 
the sample from the bone marrow could not 
be demonstrated, these findings suggest that 
increased- o.x}'gen utilization relative to the 
blood supply was actually occurring in the 
bone marrow in these patients. 

SnmmaryK An attempt w’as made to 
measure the stimulus to erythropoiesis in the 
human bone marrow by estimating the per- 
centage oxygen saturation of blood removed 
from the sternal marrow cavity through a 
needle inserted through the cortex as in the 
performance of a sternal needle biopsy. By 
this means, blood samples ivere collected 
without effective contact with air and their 
oxygen content, capacity and in same instances 
pH were determined. In general no signifi- 
cant differences were demonstrated between 
normals, convalescent controls, anemic pa- 
tients, and patients with polycythemia vcra. 
In patients with secondary polycythemia, the 
percentage oxygen saturation of the blood 
removed from the bone marrow' was relatively 
reduced, probably entirely as a result of the 
manifest unsaturation of the arterial blood. 
In some patients with leukemia and with 
myeloid metaplasia and in some patients with 
polycythemia vera with evidence of excessive 
myeloid activity, the data suggest an in- 
creased local oxygen utilization relative to the 
blood flow in the bone marrow. However, 
it was concluded that the technics used were 
not adequate to demonstrate an anoxic stim- 
ulus to increased erythropoiesis even in the 
marrow of patients with chronic anemia, 
possibly because of the difficulty of obtaining 
blood samples satisfactorily representative of 
the undisturbed environment of the erythro- 
poietic cells. 

Wo (U'siro to our to Pr. 
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Fto. 1. All area of an ovarian graft carried in a castrate male mouse showing a small corpus 
lutcujn. Bonin’s fixation and hcmatoxyUn eosiu stain. 2tlag. XldO. 

FlO. 11. A group of interstitial cells in an ovarian graft from an ova rieo torn! zed female. 
Note the numerous granules in the cytoplasm and the absence of vacuoUzatiou. Besorcinol- 
formol lixation and Altinann>Bensley stain. Mag. XSOO. 

Flo. d. An area of interstitial cells iu an ovarian graft carried in a castrate male. Note the 
extensive vacuolization of the cytoplasm and the paucity of granules. Fixation and staining as 
iuFig. !». Mag. XSOO, 

Flo. 4. An area from a granulosa cell tumor developing in an ovarian graft carried iu a 
non-castrate male. Fixation and staining as in Fig. 1. Mag. X 100, 
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T^VBLE I, 

Summary of Tumor Data fcoiu Castrate and Non-castrate Hybrid Males Traiisislsaled iritis 
Ovanes. For coinissirison similar dat.a is given for intact female and ovarieetoiuired ovarian 
transplanted females of the same liybrid cross. 


Avg age 

r ^ — ' — " ' ' ■ 

No. aiiiinals/ Of uinicer Nou faucerous 

Group No, caiicerous % cancerous devclopnicnt, )m>. deaths, mo. 

Mammar}" tumors in Pj hybrid males bearing transplanted I\ hybrid ovaries. 
Castrate 31/2T 87.1 11.7 ‘ Jd.O 

Nou'cnstrate 39/1 2.5 39.4 27.9 


Mammary tumors in normal female mice of tlie A X Z reciproeal crosses.'*^ 


Virgin 


Breeding 


Stock 

✓ ■ 

% cancerous 

^ / 

Avg age of 

eaucer, mo. % cancerous 



Avg age of 
cancer, liio. 

AZFi 

92.5 

15.2 BS.O 

9.7 

ZAFi 

73.2 

19.1 9T.G 

10.1 

Average 

82.9 

16.9 ^ 97.8 

9.9 

Mammary tumors 

ill ovariectomized female mice of tbo A X Z crosses bearing 
hybrid ovaxies.^i 

Avg age of 

transi>hmtc\l 

Stock 

% cancerous 

cancer, mo 


AZF| 

ZAFi 

92.3 

15.9 


•4S.1 

21.1 



same time as the ovarian transplantation. 

Results. Data dealing with mammary 
tumor development are summarized in Table 
I. From these it is evident that the presence 
of the normal testes profoundly affects the 
development of mammary cancer in male 
mice bearing ovarian grahs. It is evident, 
further, that castrate male mice with ovaries 
develop carcinomas of the mammary gland at 
a significantly earlier age than do normal 
virgin females or ovariectomized females 
bearing ovarian grafts. In fact, in this 
respect, these castrate male mice bearing 
ovaries more closely resemble breeding 
females of this hybrid cross than they do 
virgin females. This was further empba* 
sized by the fact that there was no difference 
m the male mice of the Uvo reciprocal 
crosses as far as either the incidence of 
tumors or the average age at which these 


umors developed. ^ 

The ovaries of all the castrate animals 
hat developed mammary tumors and of 12 
mn-castrate males sacrificed between 362 and 
501 days of age were studied employing 
•outine histological procedures. To Vernon- 
itrate finer cytological details, 2mionth-old 
Sn grafts carried in castrate and non. 


castrate males and in ovariectomized female 
mice were fixed in resorcinol-formol,^- sec- 
tioned at 2 micra, and stained according to 
the Altmann-Bensley method. 

The appearance of the grafts in ovari- 
ectomized females was essentially that oi 
normal ovaries. Those recovered from uou- 
castrate males differed mainly in that corpora 
Jutea were absent, and thus the size of these 
transplants was smaller than that of the 
transplants carried in ovariectomized females. 
In the grafts of all mice of this group that 
were studied, however, numerous normal 
appearing follicles were present. These 
ranged in size from primary follicles to ones 
of moderate size possessing well formed antra. 
The interstitial cells of these ovaries were 
somewhat atypical in that with a routine 
hematoxylin-eosin stain their cytoplasm ap- 
peared moderately hypertrophied and more 
vacuolated than is normal for this strain of 
mouse. However, the over-all size of the 
^‘interstitial organ” was not particularly ex- 
cessive. In all 20 non-castrate mice s;icrificetl 
for histological study, well maintained ovarian 

ieiruiii‘by, K. A,. Kxi*. nw:^ a>’d 

1940, <U, 122. 
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TABLE ir. 

Uevflopmcnt of Uterine and Vaginal Grafts and Mammary Glands in Mice 2 Montlis After 
• ' Ovarian Transplantation. 


Ovaries transplanted to 

Uterine grafts 

Vaginal grafts 

Mammary glands 

Ovariectomized females 

Developed. 

Avg t).0 X -I-S mm 

Cyclic 

Developing 

Xou-castrate males 

Developed. 

Avg 5.3 X 3.9 mm 

Xo evidence 
of estrogenic 
stimulation* 

Little or no 
development 

C.'istrate males 

Developed. 

Avg 8.0 X 7.0 mm 

Xon-cyclic 

cornified 

Developing 


* There may be a beginning mueinifieatiou of the epithelium sugge:iting estrogen-androgen 


cooperation. 


castrate males by grafting bits of uteri and 
vaginae into the subcutaneous tissue of such 
mice. As a preliminary experiment, the uteri 
and vaginae of young Fi hybrid females were 
removed, each uterine horn was split longi- 
tudinally, and each vagina was cut trans- 
versely into two narrow segments. Single 
uterine and vaginal fragments were then 
transplanted into the subcutaneous tissue (in 
either the axilla or groin) of several intact 
male and female Fi hybrid mice. Two months 
later the recipient animals were sacrificed, 
and the grafts studied histologically. 

The uterine grafts carried in female mice 
formed large thin-walled cysts lined with 
typical uterine epithelium. Because of the 
pressure exerted on the cyst wall by the accu- 
mulating fluid, the epithelial cells were gen- 
erally rather low columnar or cuboidal in 
form. Only in areas of papillary infoldings 
were the characteristic tall columnar cells 
with significant amounts of underlying lamina 
propria found. In the intact male animals 
the uterine grafts had been reconstituted so as 
to form small cylindrical bodies very similar 
to the intact donor uteri before being split 
longitudinally. There was no tendency for 
fluid accumulation so that the normal uterine 
relationships were disturbed very little. 
Morphologically these grafts closely resem- 
bled uteri of castrate female mice e.xcept for 
a slightly “looser" appearance of the lamina 
propria. 

Vaginal grafts were retained as cysts also. 
The epithelial lining seen in the grafts in the 
female animals faithfully reproduced that of 
the 01 si(!( vaginal epithelium, and the cyst 
lumen was fllled with alternate layers of 


leukocytes and desquamated cornified epi- 
thelial cells. On the other hand, the epithe- 
lium of the vaginal grafts maintained in 
intact male mice consisted entirely of two 
layers of epithelium similar to that found in 
castrate female mice and the luminal contents 
were devoid of cellular components. This 
method of uterine and vaginal transplantation 
showed promise then of shedding light on 
the state of function of ovarian grafts carried 
in male animals. 

Groups of 8 weanling hybrid mice were set 
up as follows: non-castrate males, castrate 
males, and ovariectomized females. Into each 
animal was transplanted 2 ovaries, a vaginal, 
and a uterine fragment. Two months later 
the animals were sacrificed, the uterine and 
vaginal grafts measured (2 diameters at right 
angles to one another), and histological prep- 
arations of all grafts studied. A summary 
of these findings is given in Table II. It is 
evident from the size and histology of the 
uterine grafts in the non-castrate male group 
that the ovaries of these animals were pro- 
ducing estrogenic substances in appreciable 
amounts, although in all probability, in lesser 
quantities than produced by the ovaries of 
the castrate group. In view of this, the 
morphology of the vaginal grafts is of con- 
siderable interest. The epithelium of the 
grafts in the non-castrate animals was formed 
throughout by only 2 layers of cells much 
the same as in the vaginal grafts of intact 
male mice without ovarian transplants. The 
only indication of development was a ten- 
dency for the luminal layer of cells to be low 
columnar in form and to possess an increased 
amount of clear cytoplasm. This appearance 
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grafts were found. 

The ovarian grafts recovered from castrate 
male mice differed from those of non-castrate 
males and of normal females. Although 
most reports of histological examination of 
ovarian grafts carried in castrate male ani- 
mals, mainly in guinea pigs, record a complete 
absence of corpora lutea, not infrequently in 
the ovaries of these castrate male mice typical 
small corpora lutea were encountered (Fig. 1). 
The ovaries of Fi hybrid females of the 
A X Z cross more closely resemble those of 
the Z parent in that corpora lutea are retained 
for a considerable time and thus normally 
this element makes up a large portion of the 
ovarian mass during the reproductive period 
in the animaFs life.^^ It is evident, therefore, 
that although corpora lutea appeared not 
infrequently in the ovarian grafts of these 
castrate males, they were by no means as 
prevalent as in ovaries maintained in female 
animals. Conversely, however, the interstitial 
tissue of these transplanted ovaries was 
greatly hypertrophied and the cytoplasm of 
the individual interstitial cell possessed many 
large vacuoles. Follicles were numerous, ap- 
peared cytologically normal, but in general 
more large follicles with medium to large 
sized antra were evident than is the case in 
normal ovaries in female mice. In size these 
ovarian grafts considerably exceeded those 
of the non-castrate males and equaled or 
slightly exceeded those in ovariectomized 
females. Weights were not taken because of 
the difficulty of dissecting the ovaries com- 
pletely free of surrounding connective tissue. 

The detailed cytological study of the 
ovarian grafts revealed the follicular elements 
to be normal in all instances as were the cells 
of the large corpora lutea in the female grafts 
and of the small corpora lutea in the grafts 
of the castrate males. The interstitial cells 
of the 3 groups of ovaries differed greatly, 
however. In the female grafts studied, as 
well as in normal females of this cross, the 
cytoplasm of the interstitial cells gen- 
erally crowded with rather large, brilliantlv 
fucsinophilic granules (Fig. 2). In the non- 
castrate males some cells possessed a large 
number of these granules while the cytoplasm 
of others was rather extensively vacuolated 


with a loss of granulation. The cytoplasm of 
the interstitial cells of the ovaries in the 
castrate males was uniformly hypertrophied 
and extensively vacuolated with but few 
fucsinophilic granules remaining (Fig. 3). 

These histological studies would suggest 
that the ovaries in the castrate males were 
subjected to a greater pituitary stimulation 
than were those in the non-castrate group.*" 
In the majority of cases the adrenals of cas- 
trate tumor bearing animals were studied also, 
and no example of adrenal hyperplasia Avas 
noted. 

In view of the great difference in the 
development of mammary carcinoma in the 
two groups of animals of this e.xperiment, a 
histological study of their mammary glands 
was made employing the whole mount technic. 
The glands of the castrate males Avere found 
to be extensively developed Avith large ducts 
extending throughout the major portion of the 
various fat pads. In addition to ductular 
groAvth there Avere many areas of alveolar 
development, some of Avhich formed t Apical 
pre-cancerous lesions Avhile others appeared 
as more normal lobules in the early stages of 
secretion, /.c., similar -to those seen in normal 
female glands about the time of parturition. 
In some animals the mammary ducts were 
filled with a white, milk-like secretion. As 
has been observed by others, all 10 glands 
rarely develop in male mice receiving estro- 
genic stimulation. As contrasted to this pic- 
ture, no definite example of mammary gland 
deA^eiopment Avas found in the non-castrate 
males. In some a fcAV fine thread-like ducts 
could be seen extending a considerable dis- 
tance into a fat pad, particularly in the 
number tAVo position, but such development 
is not infrequent in normal male mice of this 
hybrid cross. Neither lateral buds nor alv’eoli 
Avere seen in these glands. Examination of 
the glands of the one non-castrate male (hat 
developed a mammary adenocarcinoma 
shoAved no more manmiary growth U)an Avas 
seen in the other animals of the group. 

It seemed possible to test the function of 
the AA-ell preserA^ed ovarian grafts of non- 

Pfeiffer, C. A., and llou^ier, C. AA'., Jmtt. JUc., 
VJVJ, H:i, 543. 



Mammary Cancer in Male Mice 


327 


grafts of the animals receiving 0.15 y of 
estrone generally exceeded those of the other 
2 groups. 

The study of the vaginal grafts and mam- 
mary glands suggest two major points. First, 
there is a considerable difference in the sensi- 
tivity threshold of these 2 tissues to estrone. 
Second, there would appear to be some antag- 
onism between testicular hormone and 
estrone. To establish this latter conclusion 
with certainty, however, differences in adrenal 
function must be completely ruled out, 
although under the conditions of this experi- 
ment significant differences in this respect 
seem unlikely. Although the state of function 
of the pituitary does not appear to alter the 
vaginal response to estrogen, it has been 
found that mammary gland growth is de- 
pendent upon a functional pituitary gland 
(for review see In order to be certain 
that the amounts of estrone injected had not. 
caused a sufficiently severe hypophyseal sup- 
pression to inhibit mammary growth in the 
non-castrate males, the testes, ventral pros- 
tate, and seminal vesicles of each animal were 
studied. In all instances these organs were 
grossly and microscopically indistinguishable 
from those of normal intact males. Since, in 
our experience, doses of estrogens consider- 
ably lower than that required to cause “stunt- 
ing'" of the mammary gland produce easily 
demonstrable reduction in the production of 
pituitary gonadotropin, it would appear that 
in these estrone injected non-castrate mice 
pituitary suppression was not the factor 
responsible for the reduced response of the 
mammary glands. 

The non-castrate males bearing ovarian 
grafts lived significantly longer than do virgin 
female mice of this hybrid cross (those lack- 
ing the milk agent so that no mammary cancer 
devcloped.^^’) It is, therefore, of interest to 
record that in 4 of these animals typical 
granulosa cell tumors developed in the area 
of the transplanted ovary (Fig. 4). These 
tumors developed when the mice were very 
old: 24.9, 25.4, 30.2, and 32.2 months of age. 

Smith, P. E., Jm. J, 1930, 45, 205. 

lluseby, H. A., Ball, Z. 15,, and Visscher. 
M. B., Ciinar Jlvscarchf 1945, 5, 40. 


In none of these 4 animals was there evidence 
of high estrogen levels since the mammae 
were no more developed than in other animals 
of the group. 

Since it has been suggested that an increased 
pituitary gonadotropin level is responsible for 
ovarian tumor formation in the Biskind- 
Biskind type of experiment, a group of 
35 Fi hybrid males lacking the milk agent 
were castrated and transplanted with ovaries 
in the axillary position. The average life of 
these males was 24.6 months, but only two 
granulosa cell tumors were observed: at 19.3 
and 23.3 months. Although these tumors 
developed somewhat earlier in life than did 
those in the non-castrate males, it is evident 
that no increase in the frequency of this 
tumor was brought about by castration. One 
of these tumors was transplanted to the sub- 
cutaneous tissue of other Fi hybrid mice and 
was observed to grow rapidly in intact as 
well as in castrate males and in intact females. 
No evidence of estrogen production by these 
transplants could be found. 

As there are no data available on the 
spontaneous occurrence of granulosa cell 
tumors of the ovary in normal female mice 
of this hybrid cross to use for comparative 
purposes, the ovaries transplanted to 
oophorectomized females of this strain^^ ^vere 
reviewed. For this comparison only mice 
living to be 700 days of age or older were 
included. There were 18 female animals 
bearing hybrid grafts and living to an average 
age of 26.0 months available for study. In 
these only one atypical ovary possessing an 
overgrowth of granulosa cells was encountered 
(age 28.7 months). This is to be compared 
with the non-castrate male group bearing 
ovarian grafts in which 21 lived beyond 700 
days of age (average age of death 28.0 
months) and in which 4 typical granulosa cell 
tumors developed. Because of the small 
number of tumors observed and the somewhat 
longer average life of the male group, no 
statement as to the relative frequency of this 

II Biskiud, M, S., and Biskiud, G. R., Proc. 8oc. 
E.\i‘. Biol. .vni> Med., 1944, 53, 17G. 

Li, M. II., and Gardner, W. U., 6Vit‘ncc, 1947, 
105, 13. 
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TABLE m. 

Development of Vaginal Grafts and Mammary Glands in Castrate and Nou-castrate Mate Jtico 
After Injection of Various Doses of Estrone for 3 Weeks, 


Amt of estrone 


Vaginal mucosa 

Mammary gland 

.08 7 in 2 days 
twice per week 

Castrate 

Non-castrate 

Partial corniiication 
with .considerable 
mucuiifieation 

No evidence of 
estrogen activity 

No development 

No developiueiit 

.05 7 per day 

Castrate 

Non-castrate 

Cornifieution with 
some areas of 
mucinification 

Npithebal development 
mainly znuciuification 

Only 1 of 4 
animals showed 
mammary development 
Little or no 
development 

.15 7 per day 

Castrate 

Completely cornified 

Good mammary • 
development 


Non-castrate 

Cornification with 
some areas of 
mucinification 

Little or no 
development 


is suggestive of beginning mucinification 
which Korenchevsky and have shown 

to result from the cooperative action of estro- 
gens and androgens or progesterone. The 
vaginal grafts in the castrate mate animals 
are also worthy of some description, for 
although they appeared extensively stimu- 
lated, there was no indication of estrous 
cycling. The epithelial histology was the 
same in all 8 grafts; however, there was con- 
siderable variation from area to area within 
each graft. While most areas showed com- 
plete or almost complete cornification, others 
e.xhibited only partial cornification with leu- 
kocytes passing between the epithelial 
elements. The lumlna were filled uniformly 
with desquamated cornified epithelium mixed 
with some leukocytes, but with no indication 
of stratification as was seen in the 
carried in normal female mice. This “mixed 
vaginal histology is similar to that seen m 
female mice subjected to a constant stimula- 


\ with estrogen. , 

Uthough the difference in uterine and 
■inal-manimary development m the non- 
trate male mice might reflect only a difter- 
e in tissue sensitivity to estrogen, it might 
) reflect an antagonism between the two 
aes of sex hormones with reprd to the 
:inal and mammary epithelium. This 

1037, 45, i)81. 


latter possibility was investigated by trans- 
planting a group of hybrid male mice witn 
uterine and vaginal fragments and allowing 
2 weeks to elapse for vascularization of the 
grafts. Half of the mice were then castrated, 
and groups of castrate and non-castrate ani* 
inals were injected with graded doses of 
estrone with 4 castrate and 4 non-caslrate 
animals receiving each dose level. Injections 
were begun the day following castration in 
order to minimize the possibility of an 
increased estrogen production b}*- the adrenals 
of the castrate animals. The estrone was 
injected subcutaneously in aqueous solution, 
the daily dose being equally divided between 
a morning and an afternoon injection. x\ni- 
mals at the lowest dosage level received 0.4 y 
a day on 2 successive days and for 4 days of 
each week. The other groups received 0.05 
and 0.15 y daily 7 days a week. Injections 
were continued for 3 weeks, and the animals 
were autopsied wdthin 6 hours of their last 
injection. A summary of the results is given 
in Table III. The data on the uterine grafts 
are not included as measurements on such a 
small number in each group could not be con- 
sidered conclusive. It can be said, however, 
that at all dosage levels the uterine grafts 
became cystic and that there was no con- 
sistent difference in si;^e between the grafts 
of castrate and non-castrate animals receiving 
the same amount of estrone, although the 
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onate concurrently. The possibility that the 
antagonism in the mammae is due to pituitary 
suppression resulting in mammary gland 
“stunting” seems to be ruled out in our ex- 
periment in which relatively small doses of 
estrogen and the androgen from functioning 
testes were employed. 

Conclusion, Castrate male mice of the Fi 
hybrid generation between the A and Z stocks 
bearing subcutaneous ovarian grafts developed 
mammary cancer more readUy than do virgin 
female mice of this cross. Only 1 of 39 non- 
castrate males bearing ovarian grafts de- 


velop mammary carcinoma as little mammary 
development occurred. Additional experi- 
ments seemed to indicate that the ovaries in 
the non-castrate male mice were producing an 
appreciable amount of estrogen although 
measurably less than those carried in castrate 
males. There appeared, also, to be an antag- 
onism between estrogens and androgens as 
far as stimulation of the vaginal and mam- 
mary epithelium is concerned. Granulosa cell 
tumors occasionally occurred in ovarian grafts 
of old male and female mice of this hybrid 
cross. 
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The Effect of ll-Desoxycorticosterone Acetate Upon the Glycosuria of 
Partially Depancreatized Rats. 

Dwight J. Ingle. 

From the Heacnrch Lnhonitories^ The Viijaha Company^ Kfilunnisoo^ Miclu 


This study shows that large doses of 11- 
desoxycorticosterone acetate cause an exacer- 
bation of the diabetes of partially depancrea- 
tized, force-fed rats. 

Methods, Male rats of the Sprague-Dawley 
strain were maintained on Archer Dog Pel- 
lets until they reached a weight of 300 g. Ten 
rats were depancreatized by the method of 
Ingle and Griffith.^ After diabetes was es- 
tablished all of the animals were placed in 

TABU*: T. 


Xknliuiu (’arUohydrato Diet. 


Cdustituout 

G 

(’olhi Ibmr (Chu-ago Dietvtii* i^upply) 

120 

Osborm* X: Mfudol suit mixture 

40 

Dried veast (Pabst) 

lOM 

Wheat j;erm t>il 

10 

Cod liver oil 

10 

Yitumiu K (2'inethyM.4-na|>htlu)quiiu>ne) 

100 mo 

Maxola oil 

200 

<’aM*'jii ( La heo) 

100 

St a re h 

200 

Dextrm 

190 

SiOTose 

200 

Water to ujake total of 

2000 cc 


I Ingle, 1). .1., anti Grifiitli, J. Q., Cha[)ter Hi, 
The Bat in Laboratory Inve.stigatiou, J, B, Lip* 
piufott Co., PUUuUelphia, 1042. 


metabolism cages and were fed ‘a medium 
carbohydrate diet made according to Table I. 
All of the animals were force-fed by stomach 
tube each morning (8:30 to 9:15 A.M.) and 
afternoon (4:15 to 5:00 P. M.). The tech- 
nics and diets were modifications of those 
described by Reinecke, Ball and Samuels.- 
During the period of adaptation to force feed- 
ing, the amount of diet was increased gradu- 
ally to prevent “food shock."' A full feeding 
of 26 cc of diet per rat per day was reached 
on the 5th day. 

The animals were kept at a temperature 
of 74“ to 78*^ and a humidity of 30 to 35% 
of saturation. Twenty-four-hour samples of 
urine were collected at the same hour (8:00 
to 8:30 .-V.M.) and were preserved with thy- 
mol. Urine glucose was determined by the 
method of Benedict.*^ 

The 11-desoxycorticosterone acetate (Cor- 
tate, Schering) was made up in sesame oil at 
5 mg per cc. It was given by subcutaneous in- 

- Kuiiurke, K. M,, Ball, JI, A., and Saiawels, 
L. T.. Puoc. Soo. Bxi*. Biol. ani> Mei>., ls):n), 41 , 
44. 

nBunediet, 8. K., ./..L.V.A., 1011/57, 1193. 
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in the two groups seems 


type of tumor 
justified. 

It seems of value, also, to record the 
occurrence of ovarian tumors developina in 
the Ovanes of the two parent strains when 
transplanted to ovariectomized F. hybrid 
females. There were 11 hybrid females bear- 
ing Z or C;,H ovaries living beyond 700 days 
of age, and in these one mi.xed ductular- 
granulosa cell tumor was found (a^e 24.2 
months). In 13 hybrid females past 675 
days of age and bearing strain A ovaries, one 
typical luteoma (23.5 months) and two 
granulosa cell tumors (22.5 and 25.4 months) 
were encountered. 

Discussion, It has been previously re- 
corded that castrate male guinea pigs bearin" 
ovarian grafts exhibit a greater mammary 
gland development than do normal virgin 
females (for review see -). The present 
experiments with mice show that castrate 
males with ovarian grafts developed mam- 
mary cancels earlier than do normal virgin 
females of this hybrid cross, in fact the 
average age of tumor development approached 
that seen in similar breeding females. Al- 
though Smelser^' found some indication of 
cyclic pituitary function in castrate, ovarian 
grafted male guinea pigs, our experience with 
vaginal grafts in castrate, ovarian grafted male 
mice suggests that the gonadotropin stimu- 
, lation from these male pituitaries is at all 
times such that sufficient ovarian estrogen is 
produced to extensively cornify the vaginal 
epithelium. Although the largest part of the 
epithelium of these grafts was completely 
cornified, areas were encountered in all in 
which leukocytes could be seen passing 
through an incompletely cornified epithelium. 

This “mixed” picture is consistent with that 
seen in vaginae subjected to long periods of 
continuous estrogen stimulation. 

The failure of the mammal to develop in 
the non-castrate males bearing ovarian grafts 
is in agreement with the observations of 
Smelser in guinea pigs. It is, however, at 
variance with those of Gardner^ who employed 
intratesticular grafts in CBA mice. This may, 
of course, be a strain difference. However, 
Gardners photomicrographs show consider- 
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able tubular damage in the testes due to the 

Z™” to 

might e.\p!am the difference since Smelser 
nWed mammary development in c„pl„. 

Id guinea pigs bearing intranephric ovarian 
tbf^r androgen production by 

tJfn S'" adequate to main- 

1 f^nondary sex glands but in which 
ubular alterations were extensive because of 
the intra-abdominal position of the testes, 
i'urther experimentation is necessary to e<- 
taWish or reject such an e.xplanation. 

I he results of the e.xperiments reported here 
esi^ne to test the function of the ovarian 
grafts in the non-castrate male animals would 
seem to indicate that significant amounts of 
estrogen were being produced, but that the 
quantities were smaller than those produced 
by the ovarian grafts carried in castrate males. 
-Any estimation of relative amounts of estro- 
gen production by the grafts in these two 
groups of animals seems unwarranted since 
the picture appears to be further complicated 
by antagonism between estrogen and andro- 
gen with regard to vaginal and mammary 
gland development in the non-castrate group. 

An estrogen-androgen antagonism for both 
the vaginal and mammary' epithelium seems 
fairly well established by the results of the 
last e.xperiment reported here. At the lowest 
ose level of estrone, the vaginal grafts in 
the castrate males showed definite histological 
evidence of stimulation while in the non-cas- 
trate group no demonstrable epithelial 
development w'as seen. At the higher dose 
levels, the cooperative action of the two lior- 
mones as described by Korenchevsky and 
nail is also clearly demonstrated. Robson'“ 
has suggested such an antagonism, but since 
he used only smears to follow the vaginal 
response one does not know whether he ob- 
served true antagonism or the co-operative 
e Insets resulting in epithelial mucinification 
which would also produce a •■negative” va"inal 
smear. Gardner'’" has also shoivn this antag- 
onism for the mammary gland fay injecting 
estradiol benzoate and testosterone propi- 


I" Robson, J. 31., J. j- 

Gardner, W. IT., Ctoiar Jir^airc/,. join « 
4 !) 3 . ‘ ' ' 
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Inhibition of Brain Respiration by Ethyl Alcohol at Varied Temperature 

Levels, 

PUKDEUICK A. FOHRMAN AND JOHN FlELD 2nd. 

From the Department of Physiology, School of Medicine, Stanford University, Sta7iford, Calif, 


Jowett^ has reported that given concentra- 
tions of ethyl alcohol produce less inhibition 
of rat brain respiration at 34°C than at 39‘*C. 
The experiments reported here were carried 
out in order to study the inhibitory effect of 
ethyl alcohol over a wider range of tempera- 
ture and concentration than had hitherto been 
investigated. 

Methods, The oxygen consumption of cere- 
bral cortex slices from adult albino rats was 
measured in vitro by the direct method of 
Warburg at 37.7X, SOX and 20X. The 
tissue slices were weighed on a micro torsion 
balance and transferred to respirometer ves- 
sels containing Ringer’s solution^ buffered to 
pH 7.25 with 0.01 M phosphate and contain- 
ing O.Oll jSI glucose. The gas phase was 
oxygen. Ethyl alcohol in appropriate concen- 
tration, in one-tenth the total fluid volume, 
was added from the side arm of the vessels 
at the end of a 10 minute period of thermo- 
cquilibration. Rates of oxygen consumption 
are expressed as ml of oxygen consumed per 
mg initial dry weight (determined on aliquots) 
per hour Complete details of the 

experimental procedure have been given else- 
where.'** 

Results and discussion. The rates of oxy- 
gen consumption of rat brain slices in the 
presence of various concentrations of ethyl 
alcohol at 37.7®C, 30'^C and are given 
in Table L The values of QOii at 37.7‘'C are 
the means of 4 determinations while those at 
other temperatures are single determinations. 
Additional values of QOti (not given in the 
table) at 37.7°C for the period 120-180 
minutes after addition of alcohol are 11.10 

1 Jowett, it., J. Physiol, 193S, 92, 322. 

2 DicUens, F., and GroviUe, G. D., Biochem. J., 
1935, im, 

5Fuhmui^, P. A., aad Fieia, J., 2ud., J. PUarm, 
Pjp. Thcrap,, 1913, 77, 229. 


at 0.95% alcohol, 10.43 at 2,85%, 6.91 at 
4.75% and 2.16 at 6.65%. 

The inhibition of brain respiration pro- 
duced by ethyl alcohol has been reported by 
Jowett^ to become progressively greater with 
time. It may be seen from the table that 
the progressive inhibition is more marked at 
37.7X than at 30X. At 20*^0 this decrease 
in rate of oxygen consumption with time does 
not occur within 3 hours. At all of these 
temperatures the QOo of control brain slices, 
without addition of alcohol, remains constant 
for at least 5 hours. 

In order to minimize the effect of the pro- 
gressive inhibition in the presence of alcohol, 
the QOo for the period 120-180 minutes after 
addition of the inhibitor has been selected for 
purposes of comparison. It is apparent that 
the minimum effective inhibitory concentra- 
tion of alcohol increases with decrease in 
temperature. It is approximately 2.5% 
at 37.7X, 6% at 30X and 7% at 20X. 
The percentage inhibition produced by a given 
concentration of alcohol is greater at 37.7“C 
than at the lower temperatures. With 9.5% 
alcohol, for example, the inhibition is 91% 
at 37.7X., 64% at 30X and 21% at 20X. 
The absolute level of oxygen consumption in 
the presence of 9.5% alcohol is remarkably 
similar at the 3 different temperatures. 

At 37.7°C the inhibitory effect of higher 
concentrations of alcohol was studied. With 
23.73% alcohol the QO^ was 0.93 and further 
decrease did not occur over a period of 3 
hours. The o.xygen .consumption was com- 
pletely abolished by 47.5% alcohol. There is 
thus a large range of alcohol concentration, 
from about 8% to well over 25%, within 
which the rate of o.xygen consumption is ap- 
proximately constant. This fraction of oxy- 
gen consumption of brain, amounting to about 
10% of the control rate at 37.7X, has been 
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11-Desoxycorticosterone Acetate and Diabetes 



Effect of ll-desoxycorticosteroiie acetate ui)on 
tlie average level of urinary' glucose for 10 par- 
tially depancreatized rats. 


jection in divided doses each morning and 
late afternoon. 

Experiments and results. Ten mildly dia- 
betic rats were observed for periods of several 
weeks prior to the beginning of the experi- 
ment. All of the rats received doses of 1, 2, 
5 and 10 mg of 11-desoxycorticosterone ace- 
tate for periods of 7 days per dose. At tlie 
completion of the injection periods the rats 
were observed during an additional control 
period of 14 days before the experiment was 
terminated. Several days elapsed between the 
beginning of the injection period for each rat 
and those tested subsequently so that possible 
unknown variables related to time were less 
likely to cause fortuitous shifts in the average 
level of glycosuria. This is an important con- 
trol for on many occasions we have observed 
small but significant spontaneous shifts in the 
level of glycosuria in most or all of a series 
of diabetic animals under rigid experimental 
conditions and constant food intake. The 
results are shown in Fig. 1. During the admin- 


istration of 1 and 2 mg of the steroid per 
day there was an average decrease in the level 
of urinary glucose representing a change in 
7 of the 10 experimental animals. When 10 
mg per day of ll-desoxycorticosterone acetate 
were given, there was an exacerbation of the 
glycosuria in each of the 10 rats which d^ 
creased to pre-injection levels following the 
withdrawal of the hormone. 

Discussion, The decrease in glycosuria 
which occurred in most of the rats during the 
administration of 1 and 2 mg per day of tiie 
steroid may have been due to the compensa- 
tory suppression of the secretion of the 11- 
oxy steroids by the adrenal cortices according 
to the hypothesis of Selye and Dosne.^ How- 
ever, the changes were not sufticiently strik- 
ing to permit the definite conclusion that the 
decrease was caused by the administration of 
the steroid. The exacerbation of glycosuria 
during the injection of 10 mg per day of 
the steroid -was clearly significant and sup- 
ports the conclusion that 11-desoxycorticos- 
terone does affect carbohN^drate metabolism 
when given in large doses. 

Summary. Ten mildly diabetic force-fed 
rats showed an average decrease in the level 
of urinary glucose during the administration 
of 1 and 2 mg of ll-desoxycorticosterone 
acetate per day. When the dosage was in- 
creased to 10 mg of the steroid per day the 
glycosuria was e.xacerbated in all of the 
animals and decreased to the pre-injection 
level when the administration of the steroid 
was stopped. 

Selye, H., and Dosne, C., Endocrinology^ 19^e, 
30 , 581 . 
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TABLE X. 


. Influence Temperature on Hemagglutination Titer. 


BUuUou 

0* 


4 

S 

IG 

32 

64 

128 

Control 

Sheen cells; 

O^C 


“h 


sl-f 

Q 

0 

0 

0 

V 

4.5‘’C 

0 

0 

0 

u 

0 

0 

0 

0 

0 

Chicken cells; 

O’C 



4- 

-f 

sl-f 

(t 

0 

U 


■ia°c 

-f 

-f 

sl-f- 

sl4- 

0 

0 

Sirf 

0 

0 


Each tube cojitainefl a mixture of 1 ml of diluted toxin and 1 ml of red cells, ftuline was 
used as dilutmt. There were X tells J>er tube iu the case of tlie slmep cells and 3S X 
lU'» cells per tube in tiu* case of the chicken cells. These numbers of cells were chosen so ns to 
"ive a?>out 3A5 times as many sheep cells as chicken ceils which is about the reported ditference 
in surface area of these cells." Agglutination was read by “pattern*' test. 

■* This tube contained about 25,000 mouse MLI), so that as little as 1^3^000 MLB are giviiig 
macroscopic evidences of agglutination in the endpoint tubes. 


The agglutination can be followed either 
microscopically or macroscopically. ^Methods 
in current use for observation of virus hemag- 
glutination' are applicable to studies 
the toxin. A most interesting difference from 
the experience with viruses Ls that the toxin 
does not appear to be taken up by the 
clumped red cells under the conditions 
studied: chicken and sheep cells at O^C and 
room temperature; guinea pig cells at 
The suspending menstruum suffers no reduc- 
tion in toxic litre by mouse titration when 
agglutinated cells are centrifuged off. The 
centrifuged red cells themselves sho%v a lorv 
(less than 99% of the toxin) and irregular 
order of toxicity which in separate tests has 
been reduced or abolished by ^Ya 3 hing with 
saline. The toxicity can be as logically attrib- 
uted to the cells being contaminated with 
slight quantities of toxin by reason of the 
residual fluid wetting the cells after centrifu- 
gation as to a real adsorption phenomenon. 

The addition of formaldehyde to toxin solu- 
tions results in diminished toxicity and hemag- 
glutination. Other conditions that reduce the 
toxic litre sucJi as aging in a dilute solution of 
salt» also decrease the hemagglutination litre. 
.'V corollary observation is that the employ- 
ment of a peptone-saline mixture as diluent 
in place of the use of saline alone often gives 
an increased hemagglutination litre. Such a 
protective colloid effect is not unexpected in 

I liir^U Ct, Iv., J’, /.'xp. 19AJ, 70, 105. 

- Iljr.st, L. 1\., aiJil I'ivkWs, K. G., «/. ruinuniof,, 

11 M 2 . tr>. 273. 

J. K., .7. Iiitmuuol.f 304-1, 40, S7, 


view of the readiness with which purified toxin 
is biologically inactivated by surface dena- 
turation. These observations make it highly 
unlikely that a non-toxic fraction can split off 
from the toxin molecule and cause hemagglu- 
tination independent of a toxic fraction w^hich 
remains behind in solution. 

The hemagglutination reaction i$ specific- 
ally prevented by type A antitoxin. Com- 
mercially prepared monovalent types A, B, 
and C horse antitoxins have been tested. The 
order of adding the reagents namely, toxin, 
antitoxin and red cells does not affect the 
inhibition by antitoxin. These observations 
provide conclusive proof that the hemagglu- 
tinating activity of the toxin preparations 
used was due to the toxin itself rather than 
to contaminating substances. Because ribo- 
nucleic acid is a major foreign material that 
accompanies the toxin fractions during several 
stages of purification, separate tests for 
hemagglutination by purified ribonucleic acid 
were performed. The ribonucleic acid was 
isolated from cultures of the same medium 
and strain of organisms as used for to.vin pro- 
duction. Purified yeast nucleic acid was also 
tested. These nucleic acids did not agglutin- 
ate red cells. 

The litre of a given mixture of toxin and 
red cells was found to vary with the tempera- 
ture. But the influence of temperature tvas 
itself conditioned by the animal source of the 
red cells. Table I illustrates these findings. 
In attempting to compare red cells from dlf- 
ierent :?pecies, sheep and chicken cells were 
studied since among the common laboratory 
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TABLE L 

Effect of Time ami Temi)erature on Inhibition of Bat Brain Oxygen Conaumptioa hv Ethvl 
Alcohol. See text from experimeutal details. Oxygen consumption expressed as Qq., for 


time periods given. 


Temp. 

°C 

Time after 
addition of 
aleohol, min. 


Cone, 

. of ethyl alcohol- 

hy volume 


0 

1.90 

3.S0 

5.70 

7.60 

9.50 

37.7 

30- 60 

11.02 

11.74 

10.82 

9.89 

8,24 

3.70 


60-120 

11.02 

11.74 

9.6S 

7.82 

3.61 

1.39 


120-1S0 

11.02 

11.74 

8.14 

4.58 

1.03 

1.03 

30.0 

30- 60 

5.25 

6.59 

5.30 

5.46 

4.74 

4,02 


60-120 

5.25 

6.08 

5,30 

5,46 

4.17 

2.68 


120-180 

5.25 

O.S7 

5.30 

5.46 

3.45 

1,91 

20.0 

30-180 

1.96 

2.27 

1.96 

1.S5 

1.55 

1.55 


(Coiistaiit) 








termed the "‘inhibitor stable” respiration. It 
has been found to be of approximately equal 
magnitude in brain slices maintained for over 
3 hours without added substrate^ and in the 
presence of a number of other inhibitors.®’-*"" 

It may be seen from Table I that low con- 
centrations of alcohol appeared to produce an 
increase in the rate of oxygen consumption at 
all 3 temperatures- The effective concentra- 
tion for this augmentation was about 2%. A 
similar increase in brain QOl» with alcohol 
concentrations of from 1.6 to 3.2% has been 

-t Fuhrnian, F. A., and Field, J., :^nd,, inipub- 
Jished results. 

rj Fulirmaiiy F. A., and Field, J,, 2nd., J. Cell, 
and Comp, Phifstol.^ 1942, 19, 351. 

<5Fuhz*ma22, F. A., nnd Field, J., 2iid., J. Pharm, 
Exp. Therap.y 1943, 77, 392. 

r Fuhr 2 uan, F. A., Ahst. of Bissertatiomi, Sian- 
ford University, 1943, 1.9, 3. 


reported by Levy and Olszycka.^ It is pos- 
sible that this increased rate of oxygen con- 
sumption is due to alcohol metabolism by 
brain tissue.® 

Summary. The inhibition of oxygen con- 
sumption of rat cerebral cortex slices by ethyl 
alcohol was studied at SI. VC, 30‘’C and 
20° C. The inhibition becomes progressively 
greater with time at 37.7°C; such progressive 
inhibition is less marked at 30°C and is ab- 
sent at 20‘'C. The minimum effective inhibi- 
tory concentration increases with decrease in 
temperature. The percentage inhibition with 
a given concentration of alcohol decreases 
with decrease in temperature. 

S Levy, .T., ;nid Olszyeku, L., Compi. rend. Sue. 
Biol, 1940, laa, 370. 

Iliniwicli, U. E., N.'iliuni, L. U., B.-ikieteii, X.. 
F.'izek.'iii, J. F., DuBois, D., Jiiid Oildea, K. F., 
J.AM.J., 1933, 100, 051. 
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Hemagglutination by Botulinal Toxin. 

C/VRL LaMANNA. 

From (he Department of Bactrrioloyy, School of Jlyyienr and PnbUc Ifudth, The Johns 
Ilophins University, Baltimore, Md. 


In the course of studies of the properties of 
type A botulinal to.xin we have observed that 
the addition of toxin to red cell suspensions 
results in agglutination. Crystalline and amor- 
phous preparations of toxin have proven to 


be equally capable of causing hemagglutina- 
tion. Observ’ations for agglutination have 
been positive with red cells from all animal 
species tested (chicken, guinea pig, rabbit, 
sheep, man.) 
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TABLE IV. 

Inabiiifcy of Antitoxin to Bodisperse Agglutinated CIncken Red Cells. 


Dilution of toxin 

0* 

o 

4 

S 

10 

32 

04 

Control 

Treatment 

Set 1; Toxin -f 0.2 ml antitoxin for 30 min. 
at 25°C before adding red cells. Readings 
overniglit at 10°C 

-h 

0 

0 

0 

0 

0 

0 

0 

Sot 2; Toxin -f- 0.2 ml saline for 30 min. at 

25 °C before adding red cells. Reading over' 
night at 10°C 

H- 

-h 

+ 

"b 

+ 

+ 

0 

0 

Sot 2: Resliakeii, 0.2 ml antitoxin added. 
Kept at 25° C 2 hr, tUeu at 10° G overnight 
for agglutiiiution reading. 


4- 

4- 

-h 

sl4- 

0 

0 

0 


Horse antitoxin used was commcrci.'iUy prcparetl. According to tho inamifactiircr's statement of 
potency about 3 units of antitoxin would be present in tbe 0.2 ml added to each tube of the ex^jeri- 
mental set. Rod cells ?)er tube were 40 X lO^J Agglutination was read by ‘‘pattern’^ on bottom of tube. 
* 100,000 mouse AILD of toxin were present in the first tubes. 


had been agglutinated at 0°C when washed 
at 45®C showed a complete loss of agglutin- 
ation, A duplicate set washed at 5°C showed 
persistence of agglutination in the tubes 
originally containing the greatest amounts of 
toxin. There was only a one or two tube 
reduction in endpoint with the 2-foId dilution 
schedule employed. 

Agglutinated sheep cells washed free of 
toxin at 45 °C so that they were no longer 
agglutinable at 0'"C remained capable of being 
reagglutinated by the addition of fresh toxin. 

As already stated antitoxin was found to 
inhibit hemagglutination irrespective of the 
order in which the reagents were mixed initial- 
ly. But it was of some interest to learn 
whether or not the addition of antito.xin could 
disperse cells which had been once agglutinat- 
ed, Accordingly e.vperiments to test this 
point were performed. The antitoxin proved 
relatively incapable of dispersing agglutinated 
chicken red cells. Typical data are given in 
lable IV. In still other e.xperiments the ag- 
glutinated chicken cells remained agglutinated 
even when washed free of toxin with saline, 
and then resuspended in a quantity of anti- 
toxin sufficient to inhibit agglutination if the 
reagents had been added together at the be- 
ginning of the trial. Experiments along simi- 
lar lines with sheep cells were performed but 
are not recorded since results were irregular 
and inconclusive, ^ 

I he observations discussed are preliminary 
to an effort to explain hemagglutination by the 
toxin, and to learn wlietlier hemagglutina- 
tion can be employed as a quantitative meas- 


ure of toxin. They have been presented for 
the purpose of bringing the phenomenon into 
common knowledge. It is not possible at 
the moment to finally decide whether the ag- 
glutination is due to an enzymatic action by 
the toxin on the red cell, or to some purely 
physical effect of the toxin solutions that un- 
settles the balance of cohesive and repulsive 
forces normally operative at the red cell sur- 
face. Nor is it possible to conclude whether one 
type of mechanism is acting in the case of 
chicken cells and another for the sheep cells. 
But an additional e.xplanation of the results 
e.xists which is probably not supported by tbe 
evidence at hand. Lamanna and Doak-^ have 
found that normal serum can be precipitated 
by botulinal toxin. If in the studies per- 
formed a contaminating layer of normal serum 
proteins was present at the cell’s surface then 
the agglutination of the red cells might be 
more apparent than real. The reaction be- 
tween toxin and the serum might well ex- 
plain the results. Objections to the occurrence 
of this event are as follows: All the chicken 
and sheep red cells used were washed by 
centrifugation from saline or a buffer-saline 
mixture. The amount of residual serum pro- 
teins must be minimal. Guinea pig red cells 
when washed four times by centrifugation 
from mammalian Ringer’s solution remained 
agglutinable by toxin. The addition of 
normal serum to a mixture of red cells and 
toxin did not affect the agglutination litre. 

Lamanna, C., and Doak, B. W., IntmunoL, 
194Sy .m 231. 
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45°c set at 0®G tub^resli^en ai^ placed at different temperatures: 

39‘>C set at room '+ + sit 0 t t ■ f 

Room set at 39°C OO OOftnn^ 

^ set at 45=0 0 0 0 o 0 o o ° 


Sheep cells used. Agglutination read by pattern 


0 


0 

0 

0 

0 


test. 


Dilution 


T.VBDE III. 

Effect of Washing Upon Agglutinated Bed Cells 
Cliiekeii cells: 38 X 10« per tube. 


Temperature of 


0^ 


First 

agglutination, 

°G 


Washing, 

°0 


Agglutination 
after washing, 
*^0 


10 

45 

10 

45 

45 


45 


45 


10 

45 


10 


25 10 

kept at 45° 
then placed at 10° 


+ 

+ 

+ 

4- 

131 : 
4- 
0 
0 
0 
0 

4* 


IG 
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Control 


^ Tube contains 25, ( 


+ 

4* 

+ 

si 4* 

0 

0 

4- 

+ 

4- 

bemolyzed 

hfinolyzed 

0 

4- 

sl-h 

sl+ 

0 

0 

0 

+ 

IOC 

4" 4- 

per tube» 

0 

t) 

0 

4- 

+ 

si4- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


4- 

3l + 

0 

0 

0 

0 


Besults within each horizontal column are those obtained with a single set of tubes. A total volume 
of - mi was present per tube. Diluent and wash fluid was saline. Washing was done twice hy in-iitrifu- 
gation of the cells from 5 ml of fresh saline at the indicated temperature. ^ iiniriiu 


animals they represent cell types with exten- 
sive morphological differences in both struc- 
ture and size. It was thought to be better to 
use concentrations of these cells with equiva- 
lent surface areas rather than equal numbers 
since the effects of the toxin are assumed to 
primarily involve surface phenomena or struc- 
tures. The sheep cells were more sensitive 
than the chicken cells to the temperature vari- 
able. But with both types of cells the effect 
of temperature was found to be relatively 
independent of the previous temperature e.x- 
posures of red cell- toxin mixtures. Data for 
O^C about the same endpoint is recorded 
sheep cells given in Table II show that at 
whether the te^t is conducted initially at 0°C 


or the' cell-toxin mixture is initially held at 
45 °C and then placed at 0°C. Exposures at 
the other 3 temperatures listed in Table II 
show the same characteristic. 

^ An interesting difference between agglu- 
tinated sheep and chicken ceils was in their 
behavior when washed free of the suspending 
toxic fluid (Table III). Once chicken cells 
have been agglutinated they tend to remain 
agglutinated irrespective of washing or the 
temperature of washing. With agglutinated 
sheep cells the effect of washing was more 
complex. WasJiing tended to reduce the per- 
sistence of agglutination but was conditioned 
by the temperature of w;ishing. In one 
e.xperiment a set of tubes of sheep cells which* 
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TABLE L 

Effect of Skill Extracts and Control Solutions on ^[ammary Tumors in Mice. 


Case 

Xo. 

Animal 

Xo. 

Extract or 
control 
solution 

Bosage 

(cc) 

Xo. of 
injections 

Original 
size of 
tumor* 
(mm) 

Size 2 days 
after last 
injectiout 
(inm) 

1 

Cn 

1 

Cutr. 

0.3 

0 

34 

33/12 

o 

Cn 

2 

Cntr 

0.3 

G 

37 

22/12 

3 

Cn 

3 

Cutr. 

0.3 

G 

40 

29/12 

•i 

CF 

1 

CS . 

0.3 

0 

29 

0/12 

5 

CF 

o 

CS 

0.3 

(i 

33 ' 

4/12 

0 

CF 

3 

CS 

0.3 

G 

31 

7/12 

7 

CF 

4 

CS 

0.3 

G 

30 

0/12 

8 

Cn 

4 

Cntr. 

0.15 

G 

2G 

24/12 

9 

Cn 

5 

Cntr. 

0.15 

G 

24 

14/12 

10 

Cn 

G 

Cntr. 

0.15 

G 

25 

16/12 

11 

CF 

5 

CS 

0.15 

G 

% 22 

7/12 

12 

CP 

C 

CS 

0.15 

G 

17 

0/12 

13 

CF 

7 

CS 

0.15 

G 

24 

0/12 

14 

Cn 

7 

Cntr. 

0.05 

9 

30 

32/18 

15 

Cn 

8 

Cntr. 

0.05 

9 

21 

17/18 

IG 

CP 

8 

CS 

0.05 

9 

20 

0/18 

17 

OF 

9 

CS 

0.05 

9 

29 

14/18 

18 

CP 

10 

CS 

0.05 

0 

31 

11/18 




Subcutaneous Iniections. 



19 

Cn 

9 

Cutr. 

0.3 

9 

35 

40/18 

20 

CF 

11 

CS 

0.15 and 0.3} 

9 

25 

22/18 

21 

CP 

12 

CS 

0.15 and 0.3} 

9 

29 

22/18 

0.1 

* T 

CF 

L\. ^.1 ^ 

13 

CS 

0.3 

9 

40 

38/18 


* Length plus breadth. 


1 The numerator — length plus breadth; denominator number of da^'s since first iniection 
; Five injections of 0,15 ee follo\Ycd by four of 0.3 cc. 


the effects of extracts of degenerating amphib- 
ian tail muscle and skin on spontaneous 
tumors in mice. 

]\[atcnals and methods. Extracts of nor- 
mal and degenerating anuran larval tail 
muscle and skin were prepared. Preliminary 
tests showed that those of degenerating skin 
were most effective. These (Extract CS) 
were prepared as follows: R. catesbeiana 
iarvae were selected in a metamorphic stage 
at which tail resorption was well undenvay. 
Ihe tail integuments of approximately 60 
larvae were stripped off and ground to a homo- 
geneous consistency in a mortar. 25 cc of 
cold 5N HCl was added to 5 cc of the ground 
skin and the mixture allowed to stand, at 
room temperature, for 48 hours. The mix- 
ture was then filtered several times and the 
final filtrate neutralized against litmus with 
dry NaHCO;i. A small amount of sterile dis- 
tilled water was now added to brin-' the 
volume up to 25 cc. The extract was“then 
placed in a sterile bottle and refrigerated until 
ready to use. Xeutral control solutions, for 


injection, were also prepared with 5N HCI 
and NaHCOij. 

CFl strain mice* of uniform age and show* 
ing definite surface indications of early spon- 
taneous mammary tumor growth were utilized 
for injection purposes. The mice selected 
for injection were placed in individual cages 
and maintained under uniform diet condi- 
tions for at least a week prior to use in the 
tests. The selection of individuals for extract 
and control solution injection purposes was 
made on the basis of general healthiness of 
the animals and similarity in tumor size and 
location. Extracts and control solutions were 
injected in most cases directly into the tumors 
and in a few cases subcutaneously on the 
back. The injections were made every other 
day. 

Results. The results are listed in Table I. 
They include only those animals which lived 
for more than 10 days following the last injec- 
don. SiKh mortamyJ27%) as occurred was 

* The inive were supplied 
New City, X. Y. 
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some way “bound” at the red cell’s surface 
antitoxin might be similarly bound. The ad- 
dition of toxin to a red cell-antitoxin mix- 
ture should then be expected to result in 
agglutination. Actually a mixture of sheep 
cells and horse antitoxin incubated for an hour 
before addition of toxin remains unagglutin- 
ated. Finally, the presence of serum at the 
cell surface should show some, if slight, toxin 
adsorption if such serum were actually respon- 
sible for agglutination. An e.xperiment was 
performed in which 460 millions of sheep red 
cells were mixed with only 200 mouse MLD 
of toxin at 10° C. Putnam et al? have deter- 
mined that the number of molecules per 
is of the order of 2.1 x 10^. An MLD would 

Putnam, P. W., La manna, C., and Sliaq), D. G., 
J. Bioh Chenu, 194G, 165, 735. 


adsorption of only a few molecules per red 
cell would have resulted in a large percentage 
adsorption of toxin. Yet when the red cells 
were centrifuged down and the supernate 
titrated no significant reduction of toxic litre 
was found. 

SiDuviary, T}Tpe A botulinal to.xin causes 
agglutination of chicken, guinea pig, rabbit, 
sheep and human red cells. The agglutination 
is not accompanied b}'’ evidence of adsorption 
of the toxin by the red cells. Temperature, 
particularly in the case of sheep cells, influ- 
ences the hemagglutination litre. When 
washed free of toxin, agglutinated chicken 
cells tend to remain agglutinated while agglu- 
tinated sheep cells are more readily dispersed. 

0 Lamanna, C., XfoElroy, 0. E., and Ekluinl, 
H. W., Science, 191G, 106, 613. 


Yet the large e.xcess of serum in these cases i contain less than twice as many molecules.* 
might logically be expected to compete' [for ‘Thib in the' mixture used'- there was only of 
the toxin and thus reduce the hemagglutina- the order of 18 toxin molecules per cell. The 
tion litre. If normal seruni proteins were in 
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Regression and Reabsorption of Mammary Tumors by E.xtracts of 
Degenerating Amphibian Skin. 


O. M. Helff. 

From the Veinirtment of Biologn, Vnivemity College, Xew York' V nivt r.sity. 


The chemotherapy of cancer has received 
and still receives considerable attention. Most 
work has been directed towards the e.xamina- 
tion of substances which inhibit growth as 
contrasted with those which are curative in 
the sense of bringing about the complete re- 
gression of the tumor. The works of Roffo^ 
Ind of Boyland- were of especial interest to 
the writer and led to the experiments here 
described. Roffo first found that the injec- 
tion of fresh extracts of striated muscle into 
rats implanted with a transferable fibro-sar- 
coma 10-19 days previously were without in- 
hibitory or regressional effects. The same 


"TR^ffo, A. IL, Bhirinst. Exp. (Muenos 

.Vires), 193S, 14, 2.57. ^ 

:! Bovlaiid, Erie, liiochem., .L, 1911, 6.^, 


negative findings were recorded when tumor- 
ous tissue was tested /// vitro. However, 
striking regression and disapoearance of tum- 
orous tissue was obtained when applying hy- 
drolysates of striated muscles both hi vivo 
and in vitro. Boyland was able to demon- 
strate less striking results on grafted sarco- 
mata and spontaneous carcinomata in mice 
following oral administrations of acid extracts 
of ox heart muscle. Pronounced inhibition 
of tumor growth was obtained but no cases of 
complete regression. 

Reasoning from a general hypothesis that 
degenerating tissues might, in certain cases, 
contain a substance or substances detrimen- 
tal to the growth or persistence of tumorous 
tissue, e.vperiments were planned involving 
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Response of Normal and Malignant Lymphoid Tissue to Non Specific 

Tissue Damage."^ 

Allan D. Bass and ^Iuriel Feigelson. 

From the Department of Pharmacology , College of Medicine^ Syracuse University, 

Syracuse, N. Y. 


In the evaluation of possible therapeutic 
agents in experimental lymphoma it has be- 
come apparent that drugs producing lym- 
phoid tissue atrophy may do so either by 
direct action on the lymphocyte itself or an 
indirect action initiating an “alarm” reaction. 
Bass and Freeman^ using 9Sfo ethyl alcohol 
as a stimulous have shown that lymphoma 
6C3HED responds in a manner similar to 
that of normal lymphoid tissue. That the 
alcohol itself was not a lympholytic agent was 
evident, as larger amounts of ethyl alcohol 
diluted to 19% concentration produced no 
lympholytic effects. Certain agents, such as 
nitrogen mustard and urethane, produce 
atrophy of lymphoid tissue through two pos- 
sible mechanisms: (a) initiation of an alarm 
reaction-*^ and (b) a direct action of the 
drug upon the lymphoid organs. The latter 
effect, which is the most important one, has 
been demonstrated by administration of these 
agents to adrenalectomized mice bearing lym- 
phoid tumors."* It is, therefore, apparent that 
screening technics for new lympholytic agents 
must take into consideration both the direct 
and indirect effect upon lymphoid tissue. The 
present study was undertaken to establish 
further relationship of malignant tissue re- 
sponse to the administration of established 
stress stimuli. Those selected for the study 

• This invest igat ion was supported by a research 
grant from the Xatiouai Cancer Institute of the 
National Institute of Health, V. S. Public Health 
Service. 

1 Bass, .t. D„ and Freeman, M. L. II., Science, 
1948, 107, 114. 

- Ludewig, S., and Chanutin, A., Endocrinol, 
194(5, iUi, 37(5. 

3 Karnofsky. D,, Graef, I., and Smith, H. W,, 
.Im, ./. Path., 1948, 275. 

* Basij, A. 1)., and Feigelson, If., Cancer Rc> 
search, in prei»s. 


were 40% glucose^ and 4% formaldehyde.^ 
Since it has been reported by Selye/ using 
the rat as his experimental animal, that fast- 
ing is either an alarming stimulus in itself 
or potentiates alarming stimuli, the effect of 
fasting in mice was also included in this 
study. 

Materials and methods. The pure strain 
C3H male mice employed in this study were 
obtained from Roscoe B. Jackson Memorial 
Laboratories, Bar Harbor, Maine. The 
C3H Fi hybrids of, mixed sexes were bred in 
this laboratory. All animals were maintained 
on Purina dog chow and allowed free access 
to water at all times. 

Transplanted lymphoma, 6C3HED, was 
employed in this investigation. A small par- 
ticle of tumor tissue was implanted subcutan- 
eously into the right axillary region of each 
animal by means of a 15 gauge needle. Pro- 
cedures initiating alarming stimuli were insti- 
tuted when tumors had become definitely 
measurable (seven days after implantation in 
pure strain C3H mice; seven to eleven days 
after implantation in C3H Fi hybrid mice). 

Intraperitoneal injections of 95% ethyl 
alcohol, U. S. P., were given to tumor animals 
in daily doses of 0.02 ml per mouse for 2 
days. Animals used for spleen and thymus 
weight studies received 1.5 ml per kg at the 
same intervals. An aqueous solution of 40% 
glucose was administered intraperitoneally in 
doses of 150 ml per kg of body weight daily 
for 2 days. Subcutaneous injections of 4% 
formaldehyde were given twice daily for two 
days in doses of 5 ml per kg of body weight. 
Agents repeated within one day were given 

3 Eciss, M., ilacleod, L., Golla, Y., J. Endo^ 
crinol, 1943, 292. 

« Solve, IL, Bril J, Exp. Path., 3930, 17, 234. 

‘J’ Solve, II., J. Clin. Endocrinol, 194(5, G, 117. 
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distributed quite equally among extract and 
control injected and nondnjected stock 
animals. The mortality was attributed en- 
tirely to extreme fluctuations in room tempera- 
ture beyond control of the writer. The 
injected animals lived frequently for 30 or 
more days following the last injection. In 
certain individuals no new tumors appeared. 
In others one or two developed but never in 
close proximity to the injection site. For 
most cases involving tumor regression the ef- 
fect was noted within 3 to 6 days, after which 
reduction Jn size progressed steadily. 

In 6 cases (not listed in Table I) injections 
were terminated when the tumors were re- 
duced approximately 50%. In 4 of these, 
tumor regression continued, but at a lowered 
rate, 'while in the other 2 regression ceased 
shortly and the tumors enlarged subsequently. 
New tumors appeared in several of the cases 
listed in Table I at the same time the injected 
tumors were undergoing reduction in size. 
This Avas not true, however, of any of the 
subcutaneously injected animals. 

A study of the results listed in Table I will 
indicate that tumors showed definite regres- 
sion following injections of control solutions 
in doses of 0.3 and O.IS cc Avhile 0.05 cc injec- 
tions were relatively ineffective. Extract in- 
jected tumors, however, evidenced much 
greater regression in rate and size in all 
dosages used and accounted for the five cases 
of complete resorption. 

Histological studies were made at succes- 
sive growth stages of normally developing 
CFl strain mammary tumors and also of 
tumors undergoing degeneration as the result 
of control solution and skin extract injections. 
The normal stock tumors shOAved the usual 
transformations from simple adenomatous to 
malignant carcinomatous types. Tumors in- 


jected several times with control solutions 
usually showed cystic development localized 
in one or more regions of the growth with 
large masses of carcinomatous tissue and some 
adenomatous in the remaining regions. In 
contrast, extract injected tumors after several 
injections evidenced larger and more numer- 
ous cysts accompanied by considerable 
amounts of adenomatous but ver}^ little carcin- 
omatous tissue. 

The subcutaneous injection of skin ex- 
tract and control solution (Table I, cases 19- 
22) is of interest in that inhibition of tumor 
growth and slight regression in size is sug- 
gested. The number of cases is loo small, 
however, to justify any definite conclusion. 

Summary, Neutralized acid extracts of 
degenerating tail skin from involuting R. 
catesbeiana larvae were injected into rapidly 
growing spontaneous mammary tumors in 
mice. Marked regression of the tumors was 
obtained in all instances resulting in complete 
disappearance of all tumorous tissue in 5 out 
of 13 cases within eight to eighteen days after 
the initial injection. 

The application of neutralized acid control 
solutions, similarly injected^ resulted W'ith one 
exception in slight to marked reduction in 
tumor size but never in complete resorption. 

The tumors of one control and 3 extract 
animals, subcutaneously injected, showed 
only slight regression in size but are indica- 
tive in that growth was apparently inhibited. 

The results indicate that a neutralized HCI 
acid extract of degenerating anuran tail skin 
contains some substance or substances pos- 
sessing inhibitory and degenerative effects on 
spontaneous mammary tumors in mice beyond 
those exhibited by a neutralized acid control 
solution similarly injected. 
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TABLE I. 

C3H Hybrids (Mixed Sexes) Saerifii-ed iS Hours 

After Initial Therapy 




Organ weights, 
g per 100 g body wt 

Treatment 

No. 

Dose schedule animals 

/■ 

Mean spleen 
wt ^ S.E. 

Mean thymus 
wt dt S.E. 

None 

95% etliyl aleoliol 

4% formaldehyde 
40% glucose 

48-hour fast 

15 

1,5 ml/kg daily for 2 days 1 

5 ml/kg 2 times daily for 2 days 9 

15 ml/kg daily for 2 days 10 

^ 9 

1.348 ±i 0.0S02 
1.050 ± 0.1259 
0.605 :+: 0.742* 
1,055 H- 0.11S7 
1.138 ± 0.1031 

0.153 -H 0.0194 
0.051 rt 0.0101* 
0.050 zt 0.0056* 
0,112 0.0152 

0.107 0.0147* 


* Upon statistical analysis ^ve^ght 3 are signiticaiitly smaller than untreated controls. 


temporarily inhibit growth or produce tem- 
porary regression of the malignant lymphoid 
tumor 6C3HED. A similar effect is produced 
by a 48-hour fast. Fasting begun 30 hours 
after the initial stimulus gives an additional 
^'lympholytic” effect. 


It has been shown that stimuli which are 
known to produce an alarm reaction with 
resulting atrophy of the normal thymus and 
normal spleen produce a similar type of 
reaction in tissue composed of malignant 
lymphocytes. 
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Human Skin Grafted Upon the Chorioallantois of the Chick Embryo for 

Virus Cultivation.* 

Harvey BlanKj^ Lewis L. Coriell,* and T. F. McNair Scott. 
(Introduced by Werner Henle.) 

From The Children's Uosinial of PhiUidclphiOj and the Depurtment.s of Dermatology and 
PcdintricSf University of Pcnnsylvanuif School of Medicine, Philadelphia, 


Goodpasture, Anderson, and Douglas have 
described a technic for grafting human skin 
onto the chorioallantoic membrane of em- 
hryonated eggs.^-- They demonstrated that 
viruses such as herpes simplex and vaccinia, 
which multiply readily in the normal embryo- 
nated egg, would also grow in the grafted skin 
with the appearance of characteristic inclusion 
bodies in the epithelial cells. In addition, by 
using this technic they recorded an experi- 
ment in which they were able to grow herpes 

* This study was supported by grants from T\ie 
LvilerU* Lnboratori».‘s Division, American C'y ana- 
mid Company, the U. S. Public Health Service, 
and the National Foundation for Infantile Pa- 
ralysis. 

\ Fellow in the Medical Sciences, National Re- 
search Council, during part of this study. 

; Senior Fellow in Virus Roearch, National 
Ueaearcli Couneil. 


zoster on. a single occasion.^ They also indi- 
cated the value of such heterologous skin 
grafting in immunologic studies, by demon- 
strating that skin taken from chickens immune 
to fowl pox would lose its immunity after 
being grafted onto the chorioallantois."* It is 
assumed that the immune bodies are diluted 
out of the skin as it grows in the egg. 

The obvious usefulness of vascularized, 
morphologically distinct human skin, actively 
growing in a sterile host that does not pro- 
duce antibodies of its own, prompted the 

1 Goodpasture, E. W., Douglas, B., and Ander- 
son, K., J, Kxp. Med., 103S, 08, 891. 

-Goodpasture, E. W., and Anderson, K., -tm. J. 
Path., 1942, 18, 503. 

^Goodpasture, E. ^Y., and Anderson, K., Jni. J. 
Path., 1944, 20, 447. 

4 Goodpasture, E, W,, and Anderson, K., Arch. 
Path., 1940, 80, 212. 
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Lymphoma Response to “Alarm” Stimuli 


cwk 



Fig. 1. 

C3H hybrid mice were used. Number of ani- 
mal? employed: untreated 6 , fasted 9, formalde- 
hyde 10, Tlierapy was started at zero time. 


cu. 



Fig. 2. , 

C3ir iiiico were used. Number of animals em- 
,, loved: untreated 11, 95% aleoliol 11, 40 glucose 
12.‘ Treatment was begun at zero time. 

6 hours apart. Fasted animals were deprived 
of all food but were given water ad libitum. 
Tumor measurements were made twice dailj. 
The longitudinal and transverse diameters of 
each tumor were measured with calipers and 
the mean dimension (one half of the length 
plus the width expressed in centimeters) was 


arbitrarily used as the tumor size. Animals 
used for organ weight studies were killed with 
ether 48 hours after therapy was initialed. 
Spleens and thy^muses were carefully dissec- 
ted out and weighed immediately on a Roller- 
Smith micro torsion balance. 

Results. The effect of subcutaneous injec- 
tion of 4% formaldehyde and of a 48 hour 
fast upon the tumor growth in C3H hybrid 
mice of mixed sexes is illustrated in Fig. I. It 
is clearly shown that the tumor growth curve 
of these treated animals is definitely altered 
from that of the untreated animals. Formal- 
dehyde administration induced a definite re- 
gression whereas fasting induced only an inhi- 
bition of tumor growth. Fig. 2 shows the 
effect of two other alarm stimuli (95% ethyl 
alcohol administered intraperitoneally and 
40% glucose administered intraperitoneally) 
on the change in tumor size in pure strain 
C3H male mice. Beginning 30 hours after 
the initial stimuli all animals were fasted for 
a period of 24 hours. Both stimuli (ethyl 
alcohol and glucose) are shown to inhibit 
tumor growth during the initial 30 hour 
period. Fasting under these conditions 
definitely potentiated the inhibiting effects of 
95% ethyl alcohol and resulted in tumor re- 
gression in untreated animals. A less definite 
effect on the glucose treated animals was 
observed. 

Table I demonstrates the effect of 95% 
ethyl alcohol, 4% formaldehyde, 40% glucose 
and a 48-hour fast on splenic and thymic 
wet weights in C3H Fj hybrid mice of mixed 
sexes. Formaldehyde produced a statistically 
significant reduction in both spleen and 
thymus weights. Thymus weights of ethyl 
alcohol-treated animals and of fasted animals 
were significantly less than those of the 
untreated controls. . Although all of the means 
of organ weights were not statistically signifi- 
cant. the mean spleen and thymus weights 
of all treated animals were lower than the 
untreated controls. 

Summary. Further evidence has been 
added to indicate that ethyl alcohol is an 
alarming stimulus. We have .shown that the 
non-specific stimuli, 4% formaldehyde and 
40% glucose, in unadrenalectomized mice 
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Fig, 3, 

Epithelium of grafted human skin infected Avith herpes simplex 
48 hours before fixation. This skin lias been gro\v*ing for 27 days 
(in 4 eggs) before inoculation with the virus. Intranuclear in- 
clusion bodies In various stages of development are present. 
(H & E X 700). 


leaving the epidermis and attached corium as 
thin as possible. Throughout this procedure, 
the antibiotic gelatin saline solution was used 
generously to prevent the tissue from dr>dng. 
The thin* sheet of skin was then cut into 
squares of the desired size, Ten^day-old em- 
bryonated hens' eggs were prepared by the 
“false air sac technic,'’® and a window was 
made in the side of the egg overlying the 
false air sac by removing pieces of shell with 
the aid of fine forceps. A sterile, flat instru- 
ment, such as a forceps handle, was used to 
place the skin on the chorioallantoic mem- 
brane of the eggs, with the raw surface in 
even contact with the membrane. After 
grafting the skin, the shell defect was sealed 
with 2 layers of Scotch tape, and the eggs 
were incubated on their sides at 96 °F. 

The grafted skin was inoculated with virus- 
containing material 24 hours later, under the 
assumption that humoral antibodies from the 
donor of the skin would be largely removed 
after this interval on the egg.~ The grafted 
skin was inoculated through a window cut in 
the Scotch tape with sterile scissors, after 
preliminary cleansing with lO^o alcohol. 

OAmorkan Public Health As^ocbtioo, Diagnos- 
tic Prooodurcs fur Virus and Itickcttsial Dis- 
eases, p. 213, 19-iS. 


^laterial to be inoculated was placed directly 
on the skin, which was then pricked with a 
vaccinating needle or with a 27-gauge hypo- 
dermic needle of the syringe used to deposit 
the inoculum onto the skin. More Scotch 
tape was used to seal the window again, and 
the eggs incubated for an additional period, 
varying from 1 to 7 days as the particular 
experiment required. 

At the appropriate time, the skin was re- 
moved with attached chorioallantoic mem- 
brane. Material for histological study was 
placed on a small piece of absorbent paper 
with the membrane next to the paper, and 
the whole fixed in 5% acetic acid Zenker's 
fixative. Hematoxylin- and eosin-stained 
paraffin sections were prepared for routine 
study. 

For passage to another egg, the skin was 
removed aseptically and placed in a sterile 
petri dish. With the aid of iris scissors and 
forceps, all of the attached chorioallantois 
was trimmed away, as was any additional 
connective tissue which had grown in the 
corium during the initial period on the egg. 
The skin was then transferred to the chorio- 
allantois of another 10-day egg, prepared in 
the usual fashion. Such serial passages were 
usually made at 7-day intervals. 



342 


Human Skin Grafted on Chorioallantois 



Fig. 1, 

Huniaii skiu^ 7 days after grafting onto cliorioaUantois. Large 
blood vessels contain nucleated erythrocytes, and are prominent 
in the denser Iiuinau coriuui as well as tlie chick incinbrauc 
(H & E X 40), 



Fig. 2. 

Ifuman skin, after grafting onto 3 successive 
eggs for a total of 21 days. The epidermis re- 
mains distinctive. The dense collagen bundles of 
the eoriiini have been sej)arated by intlammatory 
cells of the chick. (H & E X 40). 

Study herein reported. This was to try to 
develop a relatively simple procedure whereby 
bacteria-free, growing skin was available 


which could be kept growing b}' serial transfer 
from egg to egg. 

Technic. The human skin used in most 
of this study was obtained at circumcision of 
white and Negro children.^ The prepuce was 
cleaned preopera lively with soap and water 
and alcohol. Other antiseptics were avoided. 
The skin was used routinely within 2 hours of 
operation, but occasionally was stored in the 
ice box at 4'’C for as long as 5 days before 
grafting. The prepuce was further cleaned 
of clotted blood and debris in the laboratory 
by bathing wdth the following solution: Physi- 
ological saline solution, phosphate buffered 
to pH 7.2, to which had been added gelatin 
to make 0.5% solution, and penicillin and 
streptomycin to make a final concentration 
of 500 units and 100 pg per ml, respectively. 
Previous studies in this laboratory' have indi- 
cated the antibacterial effectiveness and 
innocuous character of this solution. The 
skin was stretched, with sterile pins, on a 
sterile, solid cork board, epithelial surface 
down. With forceps and scaltiel, the con- 
nective tissue was meticulously removed, 

•J ObljiiiiLMi through Hiv courtesy of Or. C. K. 
Koop uml the Surgical iStaiT of the Children's 
Hospital of Philiideli>hia. 

•■JCorieil, L. L., JUauJc, U., ami .Scott, T. F. 
^IcXair, to be pubJisJied. 
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tional proof of the viability of the growing 
epidermis (Fig. 3). If the skin is inoculated 
with vaccinia virus, characteristic cytoplasmic 
basophilic inclusion bodies are formed in the 
epithelial cells (Fig. 4). 

In addition, we were able to grow the virus 
of herpes zoster on one occasion (Fig. 5). 
This was done by inoculating skin which had 
been growing on the chorioallantois for 24 
hours. The inoculum was untreated vesicle 
fluid taken from a patient with herpes zoster 
ophthalmicus of 48 hours’ duration. The 
skin was removed after 6 days’ additional 
incubation. The microscopic appearance of 
the infected area, including the presence of a 
large number of characteristic intranuclear 
inclusion bodies, confirms Goodpasture’s ob- 
servation in his single successful cultivation 


of the zoster virus.^ 

Summary and Cottclusions, (1) Human 
skin may readily be grafted onto the chorio- 
allantoic membrane of embr^^onated eggs, 
(2) The prepuce removed by usual surgical 
circumcision is a satisfactory source of ade- 
quate amounts of skin. (3) Penicillin and 
streptomycin obviate most bacterial contam- 
ination. (4) Grafted human skin may be 
passed serially from egg to egg at weekly 
intervals and remain viable, (5) Herpes 
simplex and vaccinia grow readily on grafted 
human skin, with the formation of charac- 
teristic inclusion bodies. (6) A successful 
inoculation with herpes zoster confirms the 
previous single successful cultivation of this 
virus outside of the human body. 
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Atrio*Ventricular Anastomosis: An Additional Valve. 

A. Rapfaport, J. F. Murr>\y and L. S. Davies. (Introduced by C. H. Best.) 
From the Depariment of Fhysiologp^ Ujuuersiftj of Toronto^ Toronto^ CanotJa, 


In vascular surgery during the last few 
years communications have been established 
e.vperimentally and therapeutically between 
blood vessels. Little has been done in surgery 
of the heart involving the formation of 
anastomosis between the cavities of this 
organ, Schepelmann^ and Dimitrieff- were 
the first to create artificial communications 
between the atria or the ventricles. Neither 
of these ivorkers tried to produce a new open- 
ing that would join an atrium to a ventricle. 

If such an anastomosis could be created 
with valvular properties it would be of value 
in pathological changes of the valves. In 
.stenosis of the mitral valve, for example, the 
blood which has been dammed back in the 
atrium could stream through the new path- 
way into the left ventricle. In insufficiency, 

I Sohepeliuanu, K., iJnitM'hv ’A. /. Chir,^ 1U12, 

- Iflmitrleff, 1. W, ArntraJht. /. Chir^f lOJO, 

715. 


on the other hand, the anastomosis could serve 
as a safety valve guarding against the rising 
pressure in the atrium. These points, how- 
ever, remain to be settled experimentally, 

Dimitrieh-, Cutler^ and Souttar^ have 
shown that various operations on the auricular 
appendage are well tolerated. The appendage 
also represents the shortest anatomical path- 
way for producing a connection between 
atrium and ventricle. Furthermore^ by using 
it for the atrio-ventricular anastomosis, valvu- 
lar requirements can be fulfilled. Because of 
its funnel shaped structure, it is most suitable 
for transformation into a valve and for im- 
plantation into the ventricle. In an anastomo- 
sis using the appendage, the blood will flow 
from a broad base to a narrow apex, whereas 
back flow through this structure would be 
difficult. The e.xpcriments to be described 

^Cutli'r, E. C,, and Btek, C, S., Arclu Sura,, 

1020, m, 

i.Souttar, H. W., lint, Mtul 19^5, ti, C03. 
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Human Skin Grafted on Chorioallantois 



PJG. 4, 

Epithelium of grafted human skin infected with vaccinia 7:: 
hours before fixation. Numerous basophilic cytoplasmic inclusion 
bodies (Guarnieri) are present. A mitotic figure (M) can also 
be seen. (H & E X ^50). 


Results^ The observations of Goodpasture 
and his group that human skin would grow 
quite readily on the chick chorioallantois 
were confirmed. Of 245 grafts only 13 were 
unsuccessful. Bacterial contamination was 
rare in our experience, although fungi such 
as aspcrglllns or Candida occasionally grew 
out. A successful “take^^ was accomplished 
by active proliferation of the epidermis and 
the establishment of chick circulation in the 
human corium, as indicated by nucleated 
chick erythrocytes in the blood vessels of the 
corium (Fig. 1). This epidermal proliferation 
produced an increasingly thick, horny layer, 
which was desquamated after 2 or 3 weeks of 
continuous passage. If the epithelium failed 
to grow, the histologic picture was quite dis- 
tinct. The epithelial cells assumed a light 
pink color with a small, pyknotic, dense 
nucleus, and there was none of the usual 
evidence of multiplication such as mitotic 
figures or increase in thickness. It was further 
demonstrated that the human skin could be 
passed serially at weekly intervals from egg 
to egg, and retain distinctive epithelium 
(Fig. 2). Of 124 regrafts, 7 failed to take. 

By inoculating skin which had thus been 
kept alive for 4 weeks (27 days) with herpes 
simplex virus, and incubating for an addi- 
tional 48 hours, it was possible to demon- 





Fig. 

E[>ilhvliiirii of grafted liumaii skin iiiftrtt’J witfi 
horpt'S zoster 0 days before fixation. i*very 

mieletis shows luarginated chromatin and cuatains 
a charaeterislic iiiehi.sion btaly. (U tX' E X 450). 

strate the formation of characteristic intra- 
nuclear inclusion bodies in the epithelial cells 
of tile skin graft. This was considered addi- 
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be the “guide thread” (Fig. 1). The ends of 
this thread are held in a clamp. 

A suture is placed at the proximal limit of 
the opening on each side, tied into place (Fig. 
1) and both free ends are threaded through a 
No. 6 curved round needle. They will be 
“temporary hemostatic sutures.” The needles 
are clamped in needle holders and stuck in 
the drape sheets, ready for use. 

Opening the Ventricle, A transverse in- 
cision is made in the anterior ventricular wall 
5 mm below the posterior row of sutures 
already placed (Fig. 1). A broad scalpel or 
a punch which will produce a hole 15 mm 
long and 5 mm wide is used. After this has 
been pushed through the ventricular muscle a 
fine, curved Reverdin needle is introduced 
into the heart cavity about 3 cm below the 
ventricle opening. When it contacts the 
scalpel or punch the latter is pulled out, the 
Reverdin needle follows in its wake and the 
tip appears in the incision. The blood then 
spurts. The “guide thread” is threaded in 
the Reverdin needle and the latter is pulled 
out, quickly drawing the appendage into the 
incision and ventricular cavity. Hemorrhage 
is thereby diminished. While an assistant 
arrests further hemorrhage with direct digital 
pressure the “temporary hemostatic sutures”, 
held in readiness, are guided into the ventric- 
ular cavity at the right and left corners of 
the incision. These are directed from within 
the cavity through Uie entire thickness of 
the ventricular wall (Fig. 2). Hemorrhage is 



r 




Tig. 3. Longitudinal Section of Anterior Yen- 
tricular Wall. Embedded Appendage “in situ.“ 
C.A. Anterior cusp, 

Ch. = Chordae tendineae, 

P.M. = Papillary muscle. 

C.V. = Coronary vessels. 

T.II. = ‘ * Temporary hemostatic sutures ^ ^ — 
anchored. 

completely arrested when these are drawn 
together and held by a single knot fixed in a 
hemostat. 

The anastomosis is completed by interrup- 
ted mattress sutures uniting the anterior wall 
of the appendage to the edge of the ventricu- 
lar incision. The single knot of the “tempor- 
ary hemostatic suture” is opened and each 
double thread is permanently fixed where it 
emerges. These anchor the edges of the aur- 
icular appendage to the endocardial margin 
of the incision and hold it deeply implanted 
in the ventricular cavity (Fig. 3). The guide 
thread is pulled put after cutting one end 
short. The auricular appendage, now mobile, 
lies between the chordae tendineae of the an- 
terior valve and the anterior ventricular wall 
(Fig. 3). If the appendage is too short to 
be implanted into the ventricle, it can be 
embedded in an incision made closer to its 
base, behind the coronary vessels. These are 
retracted after careful dissection. The ven- 
tricle is opened by an obliquely placed inci- 
sion on the upper limit of the ventricular 
myocardiunL just below the A-V ring. The 
appendage is then also lodged between the 
chordae tendineae and anterior wall of the 
ventricle. 

The pericardium is left open, 100,000 units 
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A. A. = Auricular appenaage, posterior surface. 
G.T. = ' * Guide thread. ' ’ 

L.1. 3= Line of ventricular incision. 

T.K. = '^Temporary hemostatic sutures. 
y. =: yentricle. * 


were planned and initiated by the senior 
author (A.R.). 

Technic. Dogs were^ anesthetized with 
intravenous nembutal and artificial respira- 
tion administered by positive pressure through 
an endotracheal tube. The animal was placed 
on the right side, a small pad under the right 
thorax providing the best exposure. The in- 
cision was usually made in the fourth inter- 
costal space for the left auricle, the third 
intercostal space for the right. When the 
pleural cavity is opened a tampon soaked in 
S^o cocaine solution is used to paint the 
pericardium in order to block reflexes that 
might arise and disturb cardiac activity. Ex- 
posure is maintained by self-retaining rib 
spreaders and towels packing off the lungs. 

A longitudinal incision is made in the peri- 
cardium between two holding sutures which 
stretch and maintain the opening. The in- 
cision is carried up to the superior reflection 
of the pericardium. Cocaine solution (4%) 
is also introduced into the pericardial cavity 
and is spread over the epicardium by the heart 
contractions. The auricular appendage is 
gently grasped at its apex with tongue forceps, 


and a narrow slightly curved clamp is fixed as 
close as possible to its base. A row of inter- 
rupted mattress sutures, placed as dose as 
possible to the clamp, joins the posterior wall 
of the appendage to the myocardium of the 
adjacent ventricle, just below the drciimfle.x 
coronary vessels. Occasionally It is neces- 
sary to tie small branches of the coronary 
artery crossing this row of sutures. This 
does not cause any apparent damage as there 
is abundant coronar}'' anastomosis in the dog 
heart (Moore^). 

Preparation of the Auricular Appendage. 
The appendage can be opened on the anterior 
or posterior surfaces, by resection of the tip, 
or b}' bisecting it and everting the two result- 
ing flaps. In this series longitudinal open- 
ings were cut along the borders of the appen- 
dage (Fig. 1). This creates two flaps which 
are joined at their tips, and therefore a valvu- 
lar action can be expected. The adjacent walls 
are separated with line curved forceps which 
are used to draw a paraffin-soakerl thread 
through the two lateral incisions. This will 

•* ^foorc'i f?. .lnt. Ilttiri J.f 3030, <*t3. 
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Fig. 1, 

B:ir graphs showing hatcliing results following treatment 
of -I.srurhs' eggs in 2% “ Clorox ^ '-2^^ sodium hydroxide 
solution and subsequent dijdng, wetting and incubation. 

* Per cent hatch did not increase after 1st day. 


Under these conditions all eggs became embry- 
onated in 24 days in most flasks. Cultures 
selected for hatching trials were at least 30 
days old to allow for molting (Alicata"*), had 
no eggs in stages earlier than the embryo, 
and showed at least 50^ of the embryos 
motile. 

Eggs to be used in hatching tests were 
treated at 37.5'^C in a solution composed of 
2% of the commercial sodium hypochlorite 
(5.257o) preparation “Clorox” and 2% 
sodium hydroxide. They were then washed 
h\'e times in physiological saline. Eggs from 
individual worms were handled separately. 

In the hatching tests 3 different methods 
were used; 

1, Treated and washed eggs, in a few 
drops of physiological saline in shallow watch 
glasses, were incubated in moist chambers. 

•' Alicata, ,1. E., V..S.I),A., Ttvh. Bull. No. isp, 
hKir>, 14. 


2. Suspensions of treated and washed 
eggs in shallow watch glasses were rapidly 
evaporated at 37.5 with the aid of a fan. 
\Yhen salt crystals appeared throughout the 
suspension in each watch glass, the residue 
was re wet with saline and incubated in a 
moist chamber at 37.5°C. 

3. Treated and washed eggs were centri- 
fuged in physiological saline and the liberated 
lar\'ae were available immediately after cen- 
trifuging. 

Results. Some trials by method 1 resulted 
in all eggs hatching in 4 weeks of incubation 
at 40® C. However, most early-hatched lar- 
vae did not survive the length of time required 
to produce a high hatch. 

By method 2 the liberation of larvae was 
more rapid, resulting in iOO^fc hatches in 
2 days in some trials. (Fig. 1). Up to 83.5% 
of the liberated larvae were alive in Uie hatch- 
ing media at the end of 24 hours. 
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of penicillin are put into the thoracic cavity 
and the chest closed in the usual manner. The 
post-operative course is uneventful. 

Observation, No regurgitation through the 
anastomosis was ever observed. As long as 
the clamp at the base of the auricular ap- 
pendage remains closed, no ventricular pulsa- 
tions in the appendage and no hemorrhage 
are seen. After the clamp is opened, blood 
from the atrium streams through the anas- 
tomosis and pulsates in rhythm with the 
atrium. Bleeding may now occur around 
stitch openings accidentally torn in the thin 
appendage wall, but it can easily be con- 
trolled. 

This operation has been performed on 13 
dogs of various size. One death occurred 
during the operation. The reason for the 
relatively good survival incidence could be 


found in the fact that the heart during the 
whole period of surgical intervention remains 
fully active and its muscle supplied with fresh 
oxygenated blood. No attempt is made to 
operate in a bloodless field; rather the main 
consideration is given. to reducing to a matter 
of seconds that phase of the operation when 
the ventricle is opened. This is achieved by 
means of the technic described above. The 
blood loss varies between 50 and 150 cc. After 
all, this technic deals with quickly taking care 
of a wound which has been produced in the 
heart before our very eyes, and that problem 
has long been solved in surgery. 

The authors are indebted to Profo.^sor C. 11. 
Best, wlio lias shouui continuous interest and pro- 
vided facilities for these experiments. They .are 
also grateful to Br. J. Markowitz for his helpful 
advice and encouragement. 
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Experimental Hatching of the Eggs of Ascarss sHum* 
Thomas D. Pitts. (Introduced by Gordon H. Ball.) 

From the Department of Zoology ^ University of Cali for may Los Angeles, 


Yoshida and Toyoda^ reported the in vitro 
hatching of the eggs of Ascaris siiiim by direct 
incubation of the eggs for 5 days in a variety 
of media. Fenwick- did not secure hatching 
in several of the media reported by Yoshida 
and Toyoda,^ but he consistently produced 
hatching in dilutions of Milton solution, a 
commercial sodium hypochlorite preparation. 
Fenwick^ secured living larvae by treating in- 
fective eggs with a 1:15 dilution of Alilton 
solution for 12 hours at 38 expressing the 
larvae between a slide and coverslip, and 
then washing the liberated larvae with an 
experimental saline. Pick* reported the hatch- 

* The early phase of the work was accomplished 
through research fellowship awarded by the 
Zoological Society of Sail Diego under a grant 
from the EUcii Browning Scripps Foundation. 

1 Yoshida, S., and Toyoda, K, Livro Jnhilar do 
Professor Lauro Travaasos, 1D38, 500. 

•-! Fenwick, D. W., J- lU’lminth.y 1930, 17, 00. 

3Feu\nek, D. W., Helminth,, 1030, 17, 211. 


ing of the eggs of .*1 . megalocephala in a Ring- 
er-horse serum solution 34 days after the 
liquid had evaporated, but during which time 
the residue had been kept moist. Pick 
further observed spontaneous hatching among 
eggs 21 days after transferring them from a 
Ringer-horse serum solution to a glucose agar 
medium. 

As a preliminary step in the study of the 
culture requirements of the larv^ae of .1. suiuii, 
it was necessary to develop a method of hatch- 
ing Ascaris eggs that would provide * large 
numbers of living larvae in a short time. 

Matcrhils and methods. Fertile eggs were 
secured from tJie mature female Ascaris worms 
from the small intestines of hogs. The eggs 
from individual worms were incubatetf at 23 ^ 
to 25 in 40 ml of 2^/c formalin in separate 
350 ml cotton-stoppered Ehrlenmeyer flasks. 

TpU'k^ F., null, dc la Soeietc dc Pnthologic 
ciotiguc, 10-IS, 41, 20S. 
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during 10 minutes of centrifugation at 3000 showed different hatching characteristics^ de- 
R.P3I. with a starting temperature of 40° C. pending on the treatment strength and time, 
2. Batches of eggs from different worms and influenced by subsequent procedure. 
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Effect of Insulin, Adrenal Cortical Hormones, Salt nnd dl-Alanine on 
Carbohydrate Metabolism in Scurvy."^ 

Hazel C. ^Murray. (Introduced by A. F, ^Morgan.) 

From the Home Economics Experiment Stationj JVasliiiigton State College^ Pullmanj Wash* 


Previous work^'- has shown that scorbutic 
guinea pigs display a disturbance of carbo- 
hydrate metabolism resulting in lowered 
glycogen stores in liver and body. Murray 
and IMorgan^ demonstrated that when glucose 
was fed the scorbutic animal failed to absorb 
it as readily as the normal animal. The blood 
sugar after this procedure was also abnormal- 
ly high. Sigal and King^ had previously 
demonstrated a lowered glucose tolerance in 
scorbutic animals. 

Banerjee^ has demonstrated in scorbutic 
guinea pigs an increase in adrenaline pro- 
duction. He attributed the disturbance in 
carbohydrate metabolism to an imbalance 
between adrenaline and insulin since the 
insulin content of the pancreas appeared to 
be markedly decreased in the scorbutic 
animal*.^ 

Involvement of the adrenal gland in the 
dianges incident to ascorbic acid deficiency 
has been suggested. Marked hypertrophy of 
this gland has been shown to accompany this 
deficiency. Sayers, Sayers, Liang and Long^^ 
found that the injection of adrenotrophic 

• Published Seieiitific Paper Xo. 7S0, College 
of Agriculture and Agricultural Experiment Sta- 
tions, In&titute of Agricultural Sciences, State 
College of \Va:shingtou, Pullman, Wadh. 

I Murray, II. C., and Morgan, A. F., J, Biol, 
Chtui,, IDUi, 401. 

- Hainne, B., Purdiuf., 1041, 118 Suppl. 

3 Sigal, A., and King, C. G., J, Biol, C/jcm., 
loao, ii«, ISO. 

* lianerjee, S., J, Biol. Chcm.f 104j, loU, 327, 
jpauerjee, S., and Ghoah, X. C., J. Biol, Chem., 
1947, 108, 207. 


hormone lowered both the cholesterol and 
ascorbic acid content of the adrenals of rats 
and guinea pigs suggesting that these 2 com- 
pounds are involved in the synthesis of corti- 
cal hormones. This hormone also greatly in- 
creased the deposition of liver glycogen in both 
species. 

Intestinal absorption has been shown to be 
impaired in adrenalectomized rats"’^ and the 
improvement of this condition demonstrated 
by adding sodium chloride to the drinking 
water. There was a possibility that the de- 
crease in absorption in the scorbutic animal 
could be improved by adding this compound 
to the drinking water. 

MacKay and co-workers®*^^ have shown that 
dl-alanine when fed to fasting mice or rats 
results in the formation of a considerable 
amount of hepatic glycogen. The possibility 
existed therefore, that the scorbutic animal 
could convert compounds of 3 C atoms to 
glycogen normally, and this might be some 
index of the adrenal cortical function. 

This study was undertaken to determine 
the effect of insulin, adrenal cortical extract 
and additions of sodium chloride in the 

c Sayers, G., Sayers, M. A., Liang, T. Y., and 
Long, C. X. II., Endocrijwloggf 1U4G, :J8, 1. 

7 Clark, W. G., and MaeKay, E. M., Am. J. 
Physiol,, 1942, 187, 104. 

S Auderson, E., Josepli, M,, and Herring, V, V,, 
Piioc. Soc. Exi». Biol, .vnd Med., 1940, -14, 477 . 

0 MacKay, E. M., Wick, A. X., and Came, II. O., 
J. Biol Chan., 1940, Uiti, G13. 

10 MacKay, E. AI., Wick, A. X., and Barnum,, 
C. P., J. Biol Chan., 1941, 137, 1S3. 
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TABLE I. 

Results of Hutching Eggs of A. situm by 2A Hour 
Treatments in 2% ^'Clorox^^2% Sodium Hydrox- 
ide Solutious and Subsequeut Centrifugation at 
3000 for 10 Aliiiutes. Starting Centrif. 

Temp, 40°C. 


Ol-ig. 

Ko. 

Culture . 

ago 

(days) 

% 

hatch 

A76 

37 

77.1 

A7J 

37 

74.7 ’ 

A78 

37 

65.8 

A64 

57 

98.6 

AOl 

57 

99.1 

AGl 

60 

87.8 

A76 

67 

74.2 

A78 

67. 

77.4 

A77 

104 

70,5 

A79 

104 

58,1 


Method 3 produced hatching as high as 
99.1^0, and up to 87% of the liberated 
larvae were motile 24 hours after hatching. 
A treatment time of 24 hours in a 2% 
‘‘Clorox’^-2% sodium hydroxide solution fol- 
lowed by centrifugation at 3000 R.P.M.j for 
10 minutes, gave consistently high hatches. 
(Table I). At the end of the 10-minute 
centrifuge period the temperature in the 
hatching tubes had dropped from 40°C to 
approximately 25°C. 

Discussion. In a “Clorox’-sodium hy- 
droxide solution the shells of Ascaris eggs 
are dissolved, so that after 24 hours many 
embryos are surrounded by thin elastic shell 
membranes only. At this stage motile em- 
bryos may produce prominent bulges in these 
elastic envelopes and may be liberated by 
their own activities. Later, a complete dis- 
solving of the shells including the membranes 
may release the embryos in the treatment 
solution. The shells of eggs from the same 
worm do not dissolve at a uniform rate, and 
cultures of eggs from different worms show 
differences in the average speed at which the 
shells dissolve. 

The hatching of treated eggs incubated in 
saline, as in method 1, appeared to be due 
to the penetration of the sliell membrane b}*^ 
the active larvae and to some extent the re- 
sult of osmotic pressure. 

Hatching by drying and wetU'ng treated 
eggs probably resulted from physical stresses, 


set up in the chitinous shells when the eggs 
were dried, which caused the shells to frac- 
ture when rewet, rupturing the shell mem- 
branes beneath and liberating the lar\*ae. 

The pressure of membrane covered eggs 
against each other and the pressure of larvae 
against the sides of their membranous en- 
velopes is a probable explanation of the hatch- 
ing of treated eggs during centrifugation. Sig- 
nificant increases in hatching that appeared 
when the starting centrifuge temperatures 
were increased from 20'' to 40X were proba- 
bly due to the liberation of larvae by their 
own efforts, due to greatly stimulated activity 
of the embryos at the higher temperature. 

The motility of the larvae after hatching 
varied with the treatment time and with 
hatching conditions. 

A study of photomicrographs in the report 
of Yoshida and Toyoda^ revealed that the 
eggs pictured had no typical mammillated 
layer, but were essentially the same in appear- 
ance as those treated in “Clorox^^-sodium 
hydroxide solution. The eggs were photo- 
graphed in a 0.05% peptone solution, which 
in the present ^vork was found to have no 
effect on the shells. These workers caution 
that all things used in hatching must be dis- 
infected, and, although this phase of their 
technic is not described, it is possible that 
they used a sodium hypochlorite disinfectant, 
or some other chemical which had the same 
effect on the egg shells. If Ascaris eggs were 
permitted to remain in contact with such a 
disinfectant, tlie shells would be dissolved as 
shown in the photomicrographs and would 
probably have hatched in a variety of media 
as reported. 

Si/n//nary. 1. Infective Ascaris eggs treat- 
ed in Cl orox’ '-sodium hydroxide solution, 
hatched and produced viable larvae when 
they were suhsequentJ}'.* 

(a) incubated in physiological saline at 
37.5" and 40"C. Hatching occurred. up to 
100% in 4 weeks. 

(b) dried, rewet and incubated in saline at 
37.5“C. Hatching occurred up to 100% in 
2 days. 

(c) centrifuged at speeds Irom 2000 to 
3000 R.P.M. Hatching occurred up to 99.1% 


1 195S gravities. 
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T.U3LE I. . /, , 

Effect of Insuliu, Adrenal Cortical Extract, Adrenaline, Sodium Chloride and dl-Alamne on Carbo- 
hydrate Metabolism in Scorbutic and Xormal Guinea Figs. 


Treatment 

Xo.of 

animals 

Status 

Glucose in 
intestinal 
tract, mg 

Blood 
sugar 
mg, % 

Liver 

glycogen 

% 

Body 
glycogen 
% • 

Xouc 

9* 

Normal 

58 -4- 201 

92 ± 6f 

4.07 0.20f 

.528 ± 0.14f 


9 

Deficient 

166 -4- 41 

162-4- 20 

2.GG -4- 0.33 

.439 :+: 0*19 




t=:2.3-i{ 

t = 3,33§ 

t = 3.71^ 

t = 3.9p§ 

Insulin 

S 

Normal 

17-4-6 

54:+: 7 

1.70 :+: 0.15 

.353 0,03 . 

20 units 

8 

Deficient 

157 53 

143 H; 48 

0.52 tt 0,19 

.307 dz 0.08 




t = 2.64t 

1 1.85 

t=:4.10$ 

tz=0.52 

Adrenal 

0 

Normal 

8-4“ 4 

135 rt 9 

3,18 :h 0.38 

.372 ± 0.03 

cortical 

Q 

Deficient 

132 ± 00 

230-4- 59 

1,85 ± 0.34 

.324 ±: 0,02 

extr., 3,5 ml 



t = 2.07 

t =r 1.61 

t == 2.60t 

t :=! 1.33 

Adrenaline 

& 

Norma) 


185 ± 9 

0.92 “4- 0,11 

.183 “4. 0.02 

0.15 ml 

0 

Deficient 


260 :+: 30 

0,62 “+“ 0.11 

.133 rfc 0.02 

VIOOO 




t 2.40 

t = 2.0 

t = 1.80 

Sodium 

8 

Deficient 

138 42 

225 ± 49 

1.34 ± 0,18 

.321 ± 0,03 

etdoride 


given NaCl 





0.5% \u 

4 

Deficient 

174 50 

293 ± 106 

1.50 Q.29 

.285 Hr 0.02 

drinking 


no NaCl 

t = 0.55 

t rr 0.57 

t=r0.47 

tr=:1.0 

water 







dl Alanine 

8 

Normal 



0.79 0.17 

.309 i: 0.02 

1.4 g 

8 

Deficient 



0.05 Hr 0.02 

.242 rt 0.03 


t— t = 1.60 


* Figures taken from Table I, ilurray, H, C., and Morgan, A. P., J. Biol. Chem., 1946, 1C3, 401. 
\ Standard otror, 

t Indicates significance at the o% level, 

^ Indicates significance at the 1% level, 

Suedocor, G. IV., Statistical ^lethods, Collegiate Press, Inc,, Ames, Iowa, 1938, 


fasting levels about 7-foId after feeding glu- 
cose and 3 -fold after lactate. 

Respiration trials run after feeding 2,5 g 
of glucose to 5 animals fasted 24 hours and 
injected with 4 units of insulin resulted in an 
average figure of 0,42 cc of o.xygen per square 
centimeter of body surface per hour. When 
this same procedure was carried out on the 
same animals depleted of their ascorbic acid 
supply until scurvy appeared a figure of 
0.43 cc was secured. The lower glycogen 
stores in the deficient animals given insulin 
can not then be due to increased oxidation. 
Injections of adrenal cortical extract failed 
to improve absorption or promote glycogen 
storage. KendalP'* noted that scorbutic 
animals given this extract survived longer than 
those not so treated but this did not cure 
the scurvy as the pathological lesions at 
death were the same whether animals received 

UKomlnll, E. t\, Mayo Clinit*, Kocheiiter, Minn., 
private comtuunicatUm, 

lint sun amnng.i. A, U., nndu. JSoc. 

Bhl, 1044, 10. 


the treatment or not. Ratsimamanga^^ re* 
ported that scurvy produced an adrenal corti- ' 
cal deficiency and that injections of this 
hormone prolonged the survival period 1 to 
3 weeks. 

The addition of sodium chloride to the 
drinking water failed to improve any aspect 
of carbohydrate metabolism investigated in 
this study. 

Adrenaline injections produced high blood 
sugar in both members of the pair; the level 
in the deficient animal was higher than that 
in the normal one. Lower glycogen levels 
were also found in the deficient animal, but 
the differences beUveen the two groups tvere 
of no significance. Cori and Cori'^ observed 
that when rats were given adrenaline in the 
post absorptive state high blood sugar re- 
sulted, carcass glycogen was lowered and 
some increase in liver glycogen occurred. 

The deficient animal was apparently not 
as competent in converting dl-alanine to liver 

loCori, C. F., iitiil Cori, G. T., J. Biol 
192S, 78, Ixii. 
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drinking water on glucose absorption, blood 
sugar levels, glycogen content of liver and 
body in scorbutic guinea pigs. The effect of 
adrenaline on blood sugar, body and liver 
glycogen and the conversion of .dl-alanine to 
. glycogen were also investigated. The diverse 
roles of the adrenal and pancreatic hormones 
in ascorbic acid deficiency might thus be 
indicated. 

Experimental. Young guinea pigs (550- 
600 g) of both sexes were used. They were 
paired as to sex and weight. Animals were 
pair-fed, the normal animal of each pair re- 
ceiving the amount of basal diet that the 
deficient member had consumed the previous 
day. The basal diet used was a commercial 
rabbit food.^ In addition to the diet all 
animals received a carotene in oil supplement 
sufficient to supply 1 mg of carotene daily. 
The normal animals were given a solution con- 
taining 10 mg of ascorbic acid 3 times weekly. 
All the animals were kept at a temperature of 
75-80°F. 

The animals kept on this diet without 
ascorbic acid supplements exhibited a de- 
creased appetite in 19-24 days. At this stage 
scurvy was present as evidenced by extensive 
hemorrhages of the fascia of the musculature 
particularly of the legs. A rapid loss of weight 
accompanied the loss of appetite. A few 
days after inanition became apparent in the 
deficient member of the pair, the carbohydrate 
technic of Cori and Cori^^ was applied to 
both animals. They were allowed to fast for 
24 hours and were then given a solution con- 
taining 2.5 g of glucose orally. One hour 
later each member of the pair was given an 
injection of 20 units of insulin intraperitoneal- 
ly and sacrificed 6 hours later by the use of 
sodium amytal. 

Animals used for the experiments with 
adrenal cortical extract were treated similarly 
to those in the insulin experiment with the 
exception that the deficient^ animal only re- 
ceived an intraperitoneal injection of ^ ml 
of adrenal cortical hormone^ at hourly inter- 


t Purina rabbit pellets. . 

11 Cori, C. P., and Cori, G. T., X Bioh Chem, 

1926, 70, 557^ 


vals 7 times in accordance with the assay 
procedure of Reinecke and Kendall.'" 

Animals used for the investigation of the 
effect of sodium chloride were treated as were 
the deficient animals in other groups except 
that a 0.5% solution of this compound was 
given for drinking water during the depletion 
period. 

The effect of adrenaline was studied on 
animals prepared as were those in the above 
groups. After a 24 hour fast both the nomul 
and deficient member of the group received 
an intraperitoneal injection of 0.15 nil of I to 
1000 saline solution of adrenaline. They were 
sacrificed 3 hours later; blood sugar, liver 
and carcass glycogen determined. 

In the investigation involving dl-alanine 
the deficient and normal animals were treated 
as were those in other groups. .After a 24 
hour fast a solution containing 1.4 g of dl- 
alanine was fed orally. Animals were sacri- 
ficed 12 hours later; liver and body glycogen 
determined. 

The analytical procedure and methods as 
outlined by Murray and Morgan' were fol- 
lowed in all experiments. 

Results and Discussion. The results of the 
analytical work are shown in Table I. 

The injection of insulin failed to facilitate 
the storage of glycogen in the deficient animal; 
intestinal absorption was still impaired and 
blood sugar levels were high. Both the normal 
and deficient animals given insulin tended to 
show lower liver glycogen stores than animals 
not so treated; carcass glycogen did not seem 
to be affected. Cori and Cori" using the 
same technic with normal rats also found 
substantially lower amounts of liver glycogen 
in animals given insulin but body glycogen was 
comparable to that in the controls. Stetten 
and Klein'^ applying this same treatment to 
rats likewise found low liver glycogen levels, 
but large increases in carcass glycogen over 

f Whole extract of the .adrenal cortex— 75 g/nd 
donated by Dr, E. C. Kendall, M.ayo Clinic, Roch- 
ester, Minn. 

1- Reinecke, R. M., and Kendall, E. C., E/n/oc- 
rxTwlogyy 1942, ill, 573. 

13 Stetten, D., Jr., and Klein, B., J. Biol. Chi vi., 
1945, ioJ>, 593. 



p32 Secretion in Milk 


3SS 


identified by their herd number, and the 
trials by Roman figures. 

Cow 798 was 7 years old, weighed 400 kg, 
and was in the 5th month of lactation when, 
for the trial III, she was injected intraven- 
ously with 50 ml of a phosphate solution 
isotonic with blood and containing 15 milli- 
curies of The same amount of a similar 
solution, but containing 30 millicuries of 
was injected into cow 890 which was 3 years 
old, weighed 370 kg, and had calved 5^ 
months before the trial started. Cow '798 
produced daily 9.5 liters of milk; cow 890 
8.7 liters. These production rates are means 
for the second to the seventh day after injec- 
tion. The radioactive solution was injected 
into the jugular vein through plastic tubes 
otherwise used to insulate wires and knowm 
to electricians as “spaghetti”. This method, 
which will be described in detail later, causes 
a minimum of excitement, and provides there- 
fore a good chance that no “hot’^ solution 
is spilled or leaks into the tissues around the 
vein. The cows were milked just before 
injection, at I, 2, 6 and 12 hours after injec- 
tion, and later twice a day. The radioactivity 
of the milk was measured in 0.1 ml samples 
pipetted on I" diameter disks of lens cleaning 
paper, dried on diameter aluminum 

disks and then fixed with a spray of an alco- 
holic shellac dispersion. 

Results, The concentration of in milk 
reached a maximum during the period of 3 
to 8 hours after injection. This maximum 
amounted to L21^ of the injected dose per 



Time ^oniTrijcctiorx In Hours 
Via . 1. 
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lime jrom lujeefion , Hours 

Fig. 2. 
secrotiou. 

liter milk of cow 798 in Trial III and to 
1.24%» per liter milk of cow 890 in Trial IV. 

Fig. 1 shows the P^- concentration in milk 
as a function of time from injection. 

The relative rates of secretion of in 
milk are illustrated by Fig. 2 The histogram 
gives the results of the direct measurements 
in each period. 

The average daily secretion of in milk 
as percentage of the injected dose for the first 
to the 7 th day after injection amounted to 
7.4, 4.9, 2.8, 2.1, 1.6 and 1.4% respectively. 

In a week, cow 798 (Trial III) secreted, in 
66 liters of milk, 20% of the injected P^^; 
cow 890 secreted, in 58 liters of milk, 23% 
of the injected dose. 

Discussion, Cows injected intravenously 
with 15 and 30 millicuries of P^- respectively 
produced “hot” milk almost immediately. The 
radioactivity of the milk of both cows reached 
the same peak at about 5 hours after injec- 
tion when 1 liter of milk contained 1.2% of 
the injected P^-. Doubling the injected dose 
of thus changed neither the time at which 
the maximum activity in milk was reached 
nor the relative height of the maximum 
concentration in milk as percentage of the 
injected dose. 

At Uie time of maximum activity in the 
milk, the inorganic P (trichloracetic acid fil- 
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glycogen as was the normal. 

Summary. The injection of insulin or 
adrenal cortical extract in guinea pigs de- 
ficient in ascorbic acid did not materially 
alter the disturbance in carbohydrate metabol- 
ism characteristic of scorbutic animals; gly- 
cogen levels were still low, intestinal absorp- 
tion impaired and blood sugar levels high 
after feeding glucose. Oxygen consumption 
of animals fed glucose then injected with 
insulin before and after depletion was un- 


changed. The addition of sodium chloride to 
the drinking water of deficient animals failed 
to improve any aspect of carbohydrate 
metabolism studied. .Adrenaline given to both 
members of the pair produced higher blood 
sugar levels in the normal than in deficient 
animals and slightly higher levels of liver 
glycogen. Normal animals demonstrated 
much greater ability to convert dl-alanine to 
liver glycogen than did the deficient. 


16717 

Secretion in Cow’s Milk of Intravenously Injected Radioactive 

Phosphorus 

Max Kleiber, Arthur H. Smith,^ and N. P. Ralston. 

From the Vniversity of California College of Agriculture, Fovis, Calif. 


Since phosphorus plays a major role in 
intermediary metabolism, especially in bio- 
logical energy transformations, the measure- 
ment of phosphorus transfer and turnover 

paper is the first report on a cooperatire 
project, '^MotaboUe Researelt ^vith Isotopes,'* 
atarted two years ago ou the iJavis campua among 
members of tfie Divisions of Chemistry and Animal 
Husbandry, and now including Avorkers of other 
dimions. The authors take this opportunity to 
thank the colleagues who Avere instrumental for a 
promising start of this tracer Avork. Dr. H- I?eiber 
of the Division of Chemistry provided us aviiu 
the first sample of He also helped us with 

the analytical work during our first trial, as did 
Dr. J. IC LoosU, ou sabbatical leave from Cornell 
Dnb'ersity. Drs, M. E. Gardner and Charles G. 
Patteu of the Division of Mathematics and 
Physics made many measurements of radioactivity 
for us and trained us in the use of the Geiger 
counter borrowed from Dr. W. B. HcAntt, Dirision 
of Plant Pathology, The generous help and advice 
of lucmbers of the Department of Medical Physics 
at Berkeley, especially Dr. H. Jones, has been most 
encouraging. Bast but not least, ayc are glad to 
acknoAvledge the faithful and cver-ready help of 
Mr* Th. Chernikoff, technician in the Division of 
Animal Husbandry, 

• i At present at the Department of Medical 
Physics, Berkeley. 


rates in domestic animals is important in 
research on the basic factors of food utiliza- 
tion. 

This report deals with the rate at which 
intravenously injected is secretfHl in tlie 
milk, and its concentration in milk^ as a 
function of time. These data are of particu- 
lar interest for planning tracer experiments 
with large animals and for appraising cows 
as producers of labeled compounds, such as 
casein, for other trials. Comparing the se- 
cretion rate and concentration in milk of 
Avith that of mentioned earlier by 
Erf and Fecher,^ leads to the tentative con- 
clusion that the phosphorus stored in the 
body is more mobile than the calcium. 

The excretion of in feces and urine, 
and specific activities in blood and other 
body constituents will be discussed in later 
papers in connection with the results of addi- 
tional AYork still under way. 

Method. Two factating Jersey cows Avere 
used for the two trials on pho.-phate secretion 
reported in this paper. The same cows were, 
and still are, used in other trials ivith P^-. To 
simplify later comparisons, the cows will be 

I Erf, L. A,, Peclier, Ch., Puoc. Exe, 
Biou AX'D Med., 1910, *t5, 709. 
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Androgenic Secretion by Tumors of the Mouse Adrenal Cortex* 
Marthella J. Fil^ntz and Arthur Kirschbaum. 

From the Vcpariment of Anatomy, Vniversiiy of Minnesota Medical School.* 


Tumors of the human adrenal cortex may 
be responsible for either androgenic or es- 
trogenic activity, although it is more common 
for such neoplasms to give evidence of andro- 
genic secretion.^ Adenomas of the adrenal 
cortex of mice may be induced in certain 
stocks by gonadectomy,-^^ and in one stock, 
the NH, they occur spontaneously, primarily 
in femalesA’ In contrast to the human, the 
mouse neoplasms have been found to secrete 
primarily estrogen in most instances.^*^ It 
was consequently of great interest to the 
authors to find that in the Bagg albino stock 
the majority of tumors induced in mice of 
both sexes secreted primarily androgenic hor- 
mone, although it is likely that both estro- 
genic and androgenic substances are pro- 
duced simultaneously. 

All of 10 males castrated at weaning age 
possessed tumors of the adrenal cortex 2 
years following operation. In 5 of the 10, 
the seminal vesicles were very large and filled 
with secretion; in 4 others the seminal vesl- 

* This iuvestigatiou has bcou aided by grants 
from the National Cancer Institute, The Jane 
Coflin Clnlds Memorial Fund for Medical Research, 
and the Cancer Fund of the Graduate School of 
the University of ^linnesota, 

r Cahill, G. F., In Endocrmology of Neoplastic 
Diseases, 1947, Oxford University Press, New 
York. 

-Gardner, W. U., Cnaccr Research, 1941, 1, G32. 

Wooley, G., Fckete, E., and Little, C. C., 
Fndocnnoloyy, 1941, 2^, 341. 

•* Kirschbaum, A., Frantz, M. F,, and Williams, 
W, L., Canrer Research, 1940, 0, 707. 

t The authors have also observed spontaneous 
tumors of the adrenal cortex in old, intact Bagg 
albino mice of both sexes and in aged females of 
the CBA strain. 


cles were developed beyond the castrate type. 
Submaxillary glands'' and renal corpuscles® 
were histologically male in most instances. 

Ten months following ovariectomy 3 of 4 
Bagg albino females had cortical tumors with 
which there was an associated androgenic 
activity. The vaginal epithelium was only 
3-4 cell layers thick and the superficial lin- 
ing cells were high columnar, the cytoplasm 
being filled with mucous. This picture is in- 
dicative of combined estrogenic and andro- 
genic secretion.” Seminal vesicle grafts® of 
weanling Bagg albino males had been made 
into both axillae of 2 of the females 57 days 
before autopsy. All 4 grafts were greatly 
hypertrophied, and filled Mth secretion. The 
renal corpuscles and submaxillary glands of 
these females were of the male type. The 
fourth female of this group had cortical 
tumors of histologic structure similar to that 
found in the other 3 ovariectomized mice. In 
this case, however, the reproductive tract 
showed signs of estrogenic stimulation, and 
the renal corpuscles and submaxillary glands 
had not become masculinized. 

Summary. A majority of gonadectomized 
male and female mice of the Bagg albino 
stock developed adrenal cortical tumors ■which 
secreted androgenic hormone. There is evi- 
dence that both androgenic and estrogenic 
hormone may be produced simultaneously by 
these tumors. 

5 L.'icassagiie, A., C. R. Soc. do Rio?., 1940, 133, 
ISO. 

c Pfeiffer, C. A., EmuieJ, V. M., and Gardner, 
W. U., Yale J. Rio?, and Med., 1940, 12, 493. 

7 Korenehevsky, V., and Hall, K., J. Path, and 
Pact., 1937, 40, 681. 

S Hill, R. T., Endocrinolo^i/, 1937, 21, 633. 
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trate) was relatively more active than the 
organic P. This conclusion is dram from the 
observation that even 10 hours after injection, 
the organic P^- in milk amounted to less than 
20% of the total P^-, whereas during the 5th 
to 7th week of lactation, according to Van 
Slyke and Bosworth^ 20% of the milk P is 
present in organic form, practically all in 
casein. Aten and Hevesy^ have reported such 
a lag in the specific activity of casein P as 
compared to inorganic P in goat milk. How- 
ever, 5 hours after injection, the specific 
activities were already equalized. Goats may 
have higher turnover rates than cows. Experi- 
ments are under way to get more definite 
information on the partition of P^- among 
the various constituents of the milk. Despite 
the lag mentioned, cows are good producers 
of labeled casein. From milk collected for 
3 days after injecting 40 millicuries of P^- 
per cow, we have prepared casein with a radio- 
activity of 2 microcuries per gram. 

The peak of P^- activity in the milk of 
our cows was reached at nearly the same time 
after intravenous injection as the peak of 
Sr®^ in milk of two Holstein cows in the earlier 
trials of Erf and Pecher (l.c.). Sr®®, how- 

ever, reached a higher maximum relative con- 
centration, namely 2.2% of the injected dose 
per liter milk, and then decreased faster than 
the P®“ in our trials. For 4^ days after 
injection of the Sr®®, the two cows secreted 
8% and 11% respectively of the injected iso- 
tope in the milk, whereas in 4 days after in- 
jection of P®® 15.1 and 17.9% respectively 
were secreted by our 2 cows. 

The different results with Sr (representing 
Ca) and P might be expected if cows had a 
greater storage capacity for P than for Ca 

2 Van Slyke, D. D., and Bosworth, A. W., J. 
Biol. Chem,, 1915, ‘20, 141. 

3 Aten, A. B. W., Jr., and Ilevcsy, G,, Xadirc, 

193S, 142, 111. 


in terms of the corresponding amounts secrH- 
ed in milk. Such an e.xplanation, however, 
would be unsat is factor}'', in view of the rela- 
tive concentrations of these elements in milk 
and body. According to Van Slyke and 
Bdsworth (l.c.), milk contains 0.103% P and 
0.143% Ca, Using figures of Hogan and 
Nierman* for steers, one may estimate that 
the body of cattle contains 0.72% P and 
1.36% Ca. If this estimate is applicable to 
our cows, then the ratio (P in body : P in 
milk) is only ^ of the ratio (Ca in body : Ca 
in milk). 

The different behavior of Sr (substituting 
for Ca) and P in lactating cows may be 
e.xplained by the assumption that the P stored 
in the body is on the average more mobile 
than the Ca stored. A faster storage of P 
would e.xplain the lower peak in milk, and 
a- faster exchange of the stored P would ac- 
count for the subsequent relatively higher 
level of P®- in the milk. 

Summary. Intravenous injection of 15 
and 30 millicuries of P®® respectively into 2 
lactating cows produced a maximum relative 
activity per liter of milk of 1.2% of the 
injected dose at about 5 hours after injection. 
The relative activity per liter milk is plotted 
against time after injection and regression 
equations are presented for interpolating the 
data. A week after injection, the milk still 
contains slightly over 0.1% of the injected 
P®® per liter. 

Casein with a radioactivity of 2 microcuries 
per gram was prepared out of milk collected 
during 3 days after injection of 40 millicuries 
of P®“. 

A histogram shows tlie relative rate of 
secretion in milk. In a week, the 2 cows 
secreted in their milk 20 and 23% respec- 
tively of the injected P®-. 

^ Hogan, A. G., and Nieriiian, J. L., Tau’. J/o. 
Bcs. Bull., 1927, 107, 45. 
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TABX^ I. 

Sex (listributioa to Ham sylvatica. 
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47 : 69 in favor of either sex, as calculated 
by 3 P.E. or 2 S.E. The observed distribu- 
tion of 48 males and intersexes : 68 females 
falls within these limits but is close to the 
extremes and, together with the occurrence 
of 4 hermaphrodites, may therefore indicate 
a slight deviation toward the semi-differen- 
tiated racial type. 

DiscKssloiK It is logical to assume that the 
tadpole does not utilize all of the hormone 
available in its ambient environment. This 
would certainly appear to be indicated judg- 
ing from Foote^s^ measurements of the slow 
rale of disappearance of estrone from the 
aquarium water in which Rana pipiens tad- 
poles ^Yere kept. Although it ma}'' well be 
that the animals are able to concentrate the 
absorbed hormone to critical levels, we observe 
at any rate that they exhibit a remarkable 
ability to "Me tec exceedingly minute 
amounts of androgen to which they respond 
with a marked alteration in morphogenesis. 
This testifies to the extreme lability of the 
embryonic sex inductor system in anurans. 

The method outlined might serve as an 
assay procedure for ascertaining the presence 
of very small quantities of testosterone not 
otherwise determinable. A series of experi- 
mental groups treated with successively dilu- 
ted aliquots of tlie preparation in question 
would indicate that proportion of the total 
which contained the minimal effective dose 
for male differentiation. 

Table II summarizes data on sensitivity of 
some of the more widely studied vertebrates 
to testosterone propionate. Because of the 

0 Foote, C, L., Zcol, 1041, 8(5, 20F ^ 


different modes of hormone administration, 
the differing extents of changes produced as 
well as total weight of the test animal, and, 
presumably, differences in economy in utiliz- 
ing the hormone, we must of course regard 
such comparisons with some degree of reser- 
vation. The tests cited indicate more re- 
cently reported lowest levels at whicli an 
effect can still be obtained; credit is not here 
necessarily given to the originator of the test. 
Literature on quantitative bioassays has by 
now become impressive in volume, and in- 
cludes some disagreement on threshold dos- 
ages. For purposes of comparison, the thresh- 
old dose for masculinization of Ram sylvatka 
is expressed as /ig/ml since this amount of 
solvent is considerably closer to the volume 
administered to other test animals than is 
the *^per liter” designation. 

In examining these data, it is apparent that 
the anuran larva displays a much greater 
reactivity to testosterone propionate as com- 
pared with other vertebrates studied, and that 
the nature of the response, involving the 
primary sex characters, is a relatively more 
drastic one. 

There are indications of the existence of 
species differences in response among an- 
urans. Treatment of a small number of Hyia 
arenicolor larvae with the 2 /ig/Hter dose 
resulted in approximately equal numbers of 
males and females, plus a few hermaphro- 
dites. 

Summary, An amount of testosterone pro- 
pionate as small as 1 /ig/liter of aquarium 
water, a cancentration'of 1 : 1,000,000,000, is 
svdficient- to induce male develop nient in a 
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Testosterone Propionate Minimum for Induction of Male Development in 
Anurans; Comparative Data from Other Vertebrates.* 

Beatrice Mintz. (Introduced by Emil Witschi.) 

From WhitnuDi Zaboraiort/ of Fxperimcjital Zoology, The University of Chicago. 


After the discovery^*- that administration 
of male sex hormone to anuran tadpoles can 
induce testicular development in genetic 
females, it became of some interest to study 
the sensitivity of the system in terms of 
the smallest quantity of androgen which could 
effect such a change. In previous investiga- 
tions in which tadpoles were raised from the 
' time of hatching to metamorphosis in water 
containing graded concentrations of testos- 
terone propionate, male differentiation irre- 
spective of genetic constitution was observed 
in Rana sphenocephala, Rana pipiens, and 
Pseudacris triseriata at 0.01 mg (10 /xg) of 
hormone per liter of aquarium water, a con- 
centration of 1 : 100,000,000.^''^ From all indi- 
cations, however, it appeared that the minimal 
effective dose might well be considerably below 
any so far employed. Such has since been 
found to be the case (preliminary report by 
Mintz and WitschF). 

Materials and Methods. Rana sylvatica 
eggs were collected near New Haven, Conn, 
in jMarch and April and treatments were in- 
itiated 6-8 days after hatching. Controls pre- 
served at this time were entirely undifferen- 

* The experimental part of this work was con- 
ducted at the State University of Iowa and sup- 
ported by grants from the A^ational Research 
Council, Committee for Eesearcli in Problems of 
Sex, under the administration of Ur. Emil W’'itschi. 
The author wishes to thank Pr. L. V. Domm for 
providing accommodations for completing the his' 
tological portions of the study at WTUtman Lab- 
oratory. 

1 Gallicn, L., C. M. Acoit Sci., 1937, 205, 375. 

2 Witschi, E., and Crown, E, K., Aunt. Fee. 
SuppL, 1937, 70, 121. 

3 Witschi, E., Cold Spring Tlnrh. Sgmpos. on 
Quant. Biol., 1942, 10, 145. 

4 Witschi, E., Foote, C., and Mintz, B., -ImR. 
Bcc. SuppL, 1942, tJ-l, 455. 

5 Mintz, B., and Witschi, E., AnaL Fee. Suppi., 

1946, 00, 30. 


dated as to sex. Groups of 50-100 lar\*ae, 
including untreated controls, were each kept 
in 10 liters of aerated water. Solutions of 
crystalline testosterone propionatet in 95fe 
ethyl alcohol were added daily from calibrated 
syringes to the following concentrations in 
different groups: 1,000, 200, 40, 10, 2, 1, 0.1, 
and 0.01 pg/liter. The alcohol volume 
measured 0.15 ml/liter of water. These 
animals were preserved in Bouin'S fixative 
approximately 30 da3^s later during meta- 
morphosis when one foreleg perforated the 
opercular covering. Individuals that died 
were preserved only if they appeared to be 
still in good condition. The temperature of 
the amphibian room averaged 20''C but oc- 
casionally dropped down to 16®C. 

Results. As seen in Table I, tadpoles ex- 
posed to 2 /ig or more of horinone/liter emerge 
exclusive^ as phenotypic males indistinguish- 
able^ from control males, with the exception 
of 2 male-like intergrades and one female 
at 10 pg/Iiter. It is possible that the latter 
non-conformist w’as accidentally transferred 
from one of the lower dosage jars. The 
amount of 2 pg/Iiter, still inducing complete 
masculinization of all genetic females, cor- 
responds to a concentration of J ; 500,000,000. 
One half of this quantity, 1 /xg/Iiter or 1:1,- 
000,000,000, represents the threshold value 
for masculinization inasmuch as it produces 
a preponderance of males and masculine iu- 
tersexes. 

Among the controls, we observe a moderate 
excess of females. In a population of this 
size, the probability of obtaining a deviation 
from the e.xpected 1 : 1 ratio of males : females 
(actualh' d 8 males : 5S females) due to the 
error inherent in random sampling w'ouhi 
bring the acceptable range to the c.xtremes of 

i The author wi.'ihes to lliauk tho Ciba Phar- 
maceutical ProUiicta, Inc., for iiU])pIyiij^» le-jto* 
stcrono propionate (IVr.'ouIrea). 
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large majority of Ra7ta sylvatica larvae raised 
in such a solution from hatching to metamor- 
phosis. The relationship of these results to 
similar work on other vertebrates is discussed. 


The author Avishes to acknowledge the assistance 
of :Miss Jane Elchlepp of the Department of 
Zoology, The State University of Iowa, in the 
maintenance and treatment of some of the ex- 
perimental groups. 
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Concerning the Relation Between Pituitary Adrenocorticotrophin and the 
Circulating Blood Platelets. 

Monte A. Greer and Bruce R. Brown. (Introduced by R. O. Creep.) 

From the Joseph H. Fratt Diagnostic Hospital and the Department of Medicine, Tufts Medical 

School, Boston, Mass. 


Although it has been known for some time 
that infection, trauma, hemorrhage, asphyxia, 
etc. result in rather marked alterations in the 
number of circulating blood platelets, the 
exact mechanism controlling the number of 
platelets is as yet unknown. With the dis- 
covery by Dougherty and White*^ that pitui- 
tary adrenocorticotrophin caused a dissolu- 
tion of lymphoid tissue and a peripheral lym- 
phopenia a new line of investigation was 
opened up. Since the conditions under which 
changes in the platelets have been reported 
are those which would stimulate a release of 
pituitary ACTH, and since this hormone has 
been shown to affect other blood elements 
through the adrenal, it did not seem too un- 
reasonable to believe that the platelets might 
also be at least to some extent under the 
control of corticotrophin. 

Consequently experiments were undertaken 
in both rats and humans to determine whether 
any effect of ACTH upon the blood platelets 
could be demonstrated. As far as could be 
determined by these e.xperiments, there is no 
effect upon the platelets of eitlier species by 
this hormone. 

Expcrhnciital. Sixteen 100-150 g, hooded, 
male rats were injected subcutaneously with 
80 mg of a suspension of acetone-dried hog 
pituitary after two control counts had been 
made, and determinations of the platelets* 

1 Dougbvrty, T. F., :uul White, A., Endocrinol- 
SI*"*, 1. 


and RBC were made from the capillary tail 
blood every hour for 8 hours. No significant 
change was seen to occur in either blood 
element. 

Six rats were injected in a similar manner 
with 40 mg of hog pituitary powder every 
morning for 3 days. Again there was no 
significant change in the number of platelets. 

Four rats were injected with 10 mg of a 
purified pituitary corticotrophin preparation 
and counts made every hour for 8 hours \nih 
similarly negative results. 

Following these experiments a preparation 
of pituitary ACTHt which was quite pure 
was made available to us, and it was decided 

* Three methods were use<I to count the plate- 
lets: (1) that of Rees and Ecker-; (2) a direct 
chamber count using 3.8% sodium citrate as the 
diluting fluid; (3) an indirect count of a wet 
preparation containing platelets stained with bril- 
liant cresyl blue. The direct counts were used 
chiefly on tlie rats and the indirect on the human 
subjects. 

- Rees, U. M., and Eckcr, E. E., J.A.M.A., 1923, 
80, 021. 

t Kindly supplied by Dr. John R. Mote of the 
Armour Laboratories, Cliicago, IlL It was be- 
lieved that each vial in the lot supplied (Lot 
G-59703-II) contained the equivalent of 12 mg of 
the Armour ACTH standard. After the comple- 
tion of these c.Tperiment3 Dr. Mote informed us 
that on re'ass.'iy each vial contained only the 
equivalent of 5.2 mg of their standard. The doses 
given in this paper conform to the final xissay. 
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Effect of Diisopropyl Fluorophosphate (DFP) on the QO2 of the Rabbit 

Cerebral Cortex. 

Sydney Ellis.* (Introduced by G. S. Eadie,) 

From the Biochemistry ScctioUt pedicel Bivisioiif Army Chemical Center^ 


Several reports indicate that diisopropyl 
fluorophosphate (DFP), or related com- 
pounds, may be of clinical value in view of 
their prolonged inhibition of cholinesterase 
activity. When injected into humans, stimu- 
lation of cholinergically innervated tissues has 
been noted. The central nervous system also 
appears to be affected.^’- Since ‘centraP 
effects have not been noted when neostigmine 
is administered by the usual routes,^ or in 
large doses by continuous infusion,*^ the sug- 
gestion has been made that this difference In 
the action of the two agents is due to the 
greater fat solubility of DFP in contrast to 
neostigmine.^'- 

Another possibility exists, z.e.> that DFP, 
in addition to inhibiting cholinesterase, might 
affect the metabolism of the brain. This has 
been investigated in rabbits injected with 
DFP in doses sufficient to inactivate cholin- 
esterase. 

Methods. Normal rabbits were sacrificed 
as controls by injecting air intravenously. 
Diisopropyl fluorophosphate at a concentra- 
tion of 1:1000 freshly dissolved in physio- 
logical saline was injected intravenously in 
amounts stated in the table. The animals 
were used immediately following death or, if 
not dead 30 minutes after the injection of 

* Formerly Cupt.-iiu, Sanitary Corps. .V.C.S. 
l*rt‘soiit address: Oepartmeut of Phyaiolopry and 
Pharmacology, Duke University School of Medi- 
cine, Durham, N. C. 

1 Comroe, J. IP, Jr., Todd, J., Gammon, G. D., 
Uoopohl, I, II., Koollc, G. B., Bodansky, O., and 
Gilman, A., Jim J. Med. .SVi., 134d, lilU, C4I. 

Grob, D-, Harvoy, A. M., Langworthy, 0. B., 
and Lilienthal, J. L., Jr., BuU. Johns IlopfAns 
Jio.sp., 19i7, 81. 257. 

vf Harvey, A. M., LiHeuthaJ, J. L., Jr., Grob, D., 
.Times, B. F., and Talbot, S. A., ibid,, 19-i7, 81, 
207. 

•t Ache.'iOn, O. U., and KUis, S., unpublished data. 


DFP, they were sacrificed by injecting air 
intravenously. Immediately after death the 
cranium was opened and the cerebrum re- 
moved intact. 

Cerebral cortex slices were removed from 
one cerebral hemisphere by the tissue slice 
technic of Deutsch.^ The remaining hemis- 
phere was homogenized in 0.025 M sodium 
bicarbonate solution^ with the Potter all-glass 
homogenizer and made up to a final dilution 
of 1:10 with the bicarbonate solution. 

Cholinesterase activity was determined by 
Ammon’s method* with 0.5 cc of the 1:10 
brain homogenate in a final concentration of 
0.015^1 acetylcholine bromide in 0.025i\I 
sodium bicarbonate at 38"* C. The gas phase 
was 5% CO 2 and 95% No, 

The oxygen uptake, expressed as cu mm 
oxygen atiUzed per mg of dry weight of tissue 
per hour (Qoo), was determined on cortical 
slices suspended in 3 cc of a salt mixture of 
the following composition®: 124.6 mM sodium 
chloride; 4.01 mM potassium chloride; 1.04 
mAI calcium chloride; 0.52 m^I magnesium 
chloride; 10 mM phosphate buffer, pH 7.4; 
0.20 g% anhydrous glucose. The dry iveights 
of the tissues were obtained after the tissues 
were heated at 105®C for at least 16 hours. 

The data of Table I demonstrate that DFP 
does not change the oxygen uptake of cerebral 
cortex slices of rabbits treated with this com- 
pound, as compared with untreated rabbits, 
even when acetylcholine hydrolysis by the 
cerebrum is completely inhibited. This does 
not eliminate the possibility of a more subtle 

5 Deutsch, W., J. P/ii/Aiok, 1030, 87, 50. 

« KUisf, S., nnd Root, M. A., Fed. Proc., 1944, 8, 
70. 

7 Ammon, R., Arch. yrs. Physiol, 19:^0, 

4S0. 

sjandorf, B. J,, and Wiiriams, R. H., Jm. J. 
Physiol, 1944, 141 , 91. 
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Fig. 1, 

Tile effect of a single, intramuscular injection of 
11 mg of AGTH 


to test this in human subjects. Following a 
control determination of all blood element^, 
11 mg of this preparation were injected intra- 
muscularly into a normal male subject every 
4 hours for 24 hours. A white count, dif- 
ferential, and platelet counts were performed 
every 2 hours for the first day and in the 
morning and afternoon of the second day. 

The same procedure was followed in a 
young woman with idiopathic thrombocyto- 
penic purpura who had not had a favorable 
response to splenectomy. (It was reasoned 
that an increase in the platelets might show 
up much more readily in a patient in whom 
they were quite low originally.) 

Two normal young women were given 11 
mg of ACTH intramuscularly and the above 
counting procedure followed. 

One young, woman with hypopituitarism, 
which had presumably resulted from post- 
partum pituitary necrosis 3 years previously, 
was given 11 mg of ACTH in the morning and 
7 mg in the afternoon and counts made as 
above. 

In no instance could any significant change 
in the number of circulating platelets be ob- 
served, although there was a detmite and 
usually quite striking rise in the total ^Yhite 
count and the polyniorphoniidearjl^ukocytes. 

t Fatient^f^ Pr. WHUain Dauiodliek. 



Fig. 2. 

The effect of 66 mg of ACTII on a patient with 
idiopathic tlirombocytopeiiic purpura. 11 mg were 
given intramuscularly every 4 hours for 24 hours 
heginuiiig at 8 A,M. July 9. The legend corres- 
ponds lo Fig. 1. 

It is interesting that the number of circulat- 
ing lymphocytes remained relatively con- 
stant, no true lymphopenia being observed in 
any instance. In the patient with hypopitui- 
tarism the increase in the polymorphonuclear 
leukocytes was much less marked than in the 
other subj'ects. 

St^mniary. Fnder the above e.vperimental 
conditions, no effect of pituitary adrenocorti- 
cotrophin upon the number of circulating 
blood platelets could be detected. 
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appeared to have inhibitory effects. 

This fraction was prepared by extracting 
finely minced sheep cardiac muscle with ace- 
tone in the cold^ evaporating the solvent, 
lyophilizing and dissolving the dry residue 
in 10 volumes of Tyxode's solution. From 
660 g of fresh cardiac muscle the yield was 
approximately 10 g of residue. The follow- 
ing is a report on preliminary experiments 
dealing with the effects of this material.^ 

Egect on Normal Cells. Third passage 
hanging-drop cultures of chick heart fibro- 
blasts were divided and one half of each 
culture was used as the test object, the other 
half as the control. Each was planted in a 
separate D-3.5 Carrel flask containing 0.5 cc 
of chicken plasma, 1 cc Tyrode’s solution and 
one drop of chick embryonic extract. After 
48 hours 0.5 cc of the test solution was added 
as a supernatant layer to the test culture and 
0.5 cc of Tyrode’s solution to the control. 
The pH of both control and test cultures was 
adjusted to from 6.5 to 7.0. The effect of the 
test solutions as compared to the controls was 
obser\^ed for from 2 to 4 days. 

The residue of the acetone extract of the 
sheep heart, redissolved in Tyrode's solution, 
markedly inhibited the growth of chick fibro- 
blasts as no increase whatsoever in surface 
area was observed after this material had been 
added in dilutions up to 1:500. The cells, 
however, were not killed, for when the cultures 
were washed with Tyrode^s solution and 
transplanted into fresh medium they began to 
grow and to maintain a rate of growth even- 
tually equaling that of the controls. 

Effect on Tumor Cells. To test the effects 
of this extract on tumor cells, cultures of a 
mouse breast tumor were also studied. This 
neoplasm arose spontaneously in a C3H 
mouse 2 years ago, and while originally ex- 
hibiting all the features of a mammary adeno- 
carcinoma, it has gradually become sarcoma- 
tous in character.* The tumor was cultivated 
in Carrel flasks in the same type of coagulum 
used for the normal cells, but 0.3 cc of rabbit 


< The cnule material ^Yas prepared by The 
Armour Laboratories, 
i U, Toolan, personal communication. 


serum and 0.4 cc of mouse embryo e-vtract 
were added as a supernatant fluid phase. The 
latter was changed every 4 days and the cul- 
tures transplanted to other Carrel flasks every 
10 days. 

Second passage cultures were divided into 
equal parts and the halves were planted in a 
separate Carrel flask to be used either as 
test or control objects. All cultures were 
maintained in medium 4 or 5 days, during 
which time satisfactory’ growth of the tissue 
was observed. On the fourth or fifth day’’, 
the supernatant fluids were removed from all 
the cultures and replaced in the experimental 
series with the residue from the acetone solu- 
tion that had been redissolved in Tyrode^s 
solution to give a final dilution of 1 : 500. In 
the sister halves, or controls, 0.5 cc of Ty- 
rode’s solution was added. A complete ces- 
sation of growth was obtained in the tumor 
cultures treated with extract, whereas the 
sister cultures continued to show good growth. 

Effect on Bacteria. The effectiveness of 
certain animal tissues in producing bacterio- 
stasis and in converting Staphylococcus aureus 
R into an avirulent form has been reported 
by Nut ini and co workers in several publica- 
tions;^^’ and in view of these findings it is 
of interest to examine the effect of our acetone 
extract on certain bacteria. One gram of the 
crude residue was dissolved in 10 cc of Ty- 
rode’s solution and applied in serial dilution 
to standard cultures of organisms. It in- 
hibited the growth of tubercle bacilli in the 
Tween albumin medium of Dubos and Davis" 
in further dilution of 1/40 and was effective 
against the same organism cultivated in oleic 
acid medium when the 10% solution of the 
crude material was further diluted 1/160. 

Complete inhibition of growth of H Strep- 
tococcus C 203 occurred when the 10% Ty^- 

3 Nutim, L. G., and KtcRc, C. \V., J. UqcL, 1942, 
4*1, 661. 

i Nutini, L. G., Krcke, C. AY., and Scroeder, 
Gr. M. P., J. Hact,, 1943, 50, 177. 

5 Nutini, L. G., and Lynch, E. M., J. Bxp. McH., 
1946, 84, 247. 

6 Nutini, L. G., and Lynch, E. M., J. Bad., 1946, 
52, 6S1. 

7 Dubo5, B. J., and Davis, B. D., J. Exp. Med., 
1946, 8^, 409. 
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TABLE I. 

Oxygen tlptake and Cholinesterase Activity of 
Brain of Normal and DFP-Treated Rabbits. 


DFP 

wg/kg 

i.v. 


Cholinesterase 

actinty 

cu inni CO/30 win/ 
0.5 cc’- homogenate 

Qoo 

0.0. 


233 

11.2 

0.0 


299 

10.9 

0.0 


246 

9.6 

0.0 


222 

10.2 

0.0 


244 

9.9 

0.0 


233 

10.3 

0.0 


239 

10.5 

0.0 


221 

9.9 


Avg 

242 

10.3 

O.o 


4 

9.9 

0.5 


4 

10.2 

0.5 


4 

10.6 

1.0 


4 

3.8 

1.0 


—0.7 

10.4 

1.0 


—1.1 

11.4 


Avg 

2 

10.2 


All values are averages of duplicate or triplicate 
determinations. 


effect on brain metabolism. It does show, 
however, that DFP has no appreciable effect 
on the normal oxygen uptake of cerebral 
cortical slices, and that cholinesterase activity 
is not essential for such oxygen uptake. 

Dtsaissiofh Some related studies of the 
effect of DFP on enzymes other than esterases 
have been reported, Webb® found that the 

0 Webb, E. C., JSiochcm. J,, 1948,^^13, mb 


following enzyme systems were not affected 
by DFP at concentrations of M/500 to 
M/2000: cytochrome oxidase, succinic de- 
hydrogenase, hexokinase, Robison ester gly- 
colysis by muscle powder, choline, dehydro- 
genase, catalase, carboxylase, ptyalin, per- 
oxidase, lactic dehydrogenase of muscle, 
diaphorase, liver alcohol dehydrogenase, and 
carbonic anhydrase. Hunt^® has stated that 
the normal oxygen uptake by' liver homoge- 
nate and the additional oxygen uptake due to 
added ethyl butyrate are not inhibited notice- 
ably by DFP. 

The increased respiration of rat brain 
slices observed by Levy^^ when the tissue was 
in concentrations of eserine salicylate between 
1:500 and 1:1000 are attributable to the 
enormous concentration of the drug. It may 
be that the salicylate ion is being metabolised 
at a sufficient rate at this high concentration 
to produce the increased oxygen uptake at- 
tributed to eserine. 

Summary, When injected into rabbits in 
lethal doses, diisopropyi fluorophosphate had 
no appreciable effect on the oxygen uptake of 
cerebral cortex slices of these animals even 
though cholinesterase was completely in- 
hibited. 

10 Hunt, C. C., personal eoininunication. 

11 Levy, J., Bull. soc. chem, tno?., 194U, 28, 33S. 
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In vitro Studies of a Growth Inhibitory Fraction Obtained from Adult 

Sheep Cardiac Muscle.* 

R. S. Hoff^aian, James A. Dingwall and Willi.ui DeW. .*Vndrus. 

(wiUi the technical assistance of Irene Jacob.) 

From the Department of Surgery, Xeic York Hospital and ContcU University ,Vedieal CoUeyr, 

Hew York City, 


In earlier papers^'" we have reported on the 

* This work was supported by u grant furnished 
by the Couumttee on Growth of the National Re- 
search Council, 

X Hoffman, R. S., and Dingwall, J. A., Sury,. 
Oyuec, and Ohst., 1944, 70, 103. 

2 Hoffman, B. S., Dingwall, J. A., and Andrus, 
W. DoW., Anil. Sura., 194d. dS-L 


growth stimulating effects of a Tyrode’s solu- 
tion extract of animal tissue as demonstrated 
both in vitro and when applied topically' to 
wounds in dog and man. In the course of 
attempts to fractionate adult animal tissue 
e.xtracts in order to determine the factors re- 
sponsible for this stimulation, one crude frac- 
tion has been of particular interest because it 
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“Were modifications of those described by 
Reinecke, Ball, and Samuels/^ The rats were 
brought to a full feeding of 26 cc per rat per 
day on the 5th day. After the rats had been 
force-fed for 2 weeks the adrenal glands were 
removed by the procedure of Ingle and 
Griffith^ In the control animals the adrenal 
glands were exposed but were not damaged. 
Asepsis was successfully maintained in these 
operations. All of the animals were given a 
solution oi sodium chloride to drink dur- 
ing all phases of the experiments. The 
animals were housed in an air-conditioned 
room in which the temperature was main- 
tained at 74 to and the humidity at 30 
to 35% of saturation. 

Twenty-four-hour samples of urine were 
collected at the same hour each day and were 
preserved with thymol with added citric acid 
(1 g per sample) to insure the acidity of the 
urines for nitrogen analysis. The determina- 
tion of urinary nonprotein nitrogen was by 
the micro-Kjeldahl procedure as follows: pro- 
teins were precipitated as the salts of tung- 
stic acid by the Folin-Wu procedure. The 



DAYS 

Fig. 1. 

Thi‘ ofFoct of a<lri.‘uui cortex extract upon tlio 
level of urinary uiiru^cn iinineiliately following 
:ulrenak‘ettin»y. Averagers of 8 rats per <;roup. 

G UeineeUe, U. M.. Dali, II. A., and Samueds, 
L. T., Puoc. Soc. Kxe, Biol, .vkd Mkd., 1939, 41, 
•U. 

T Ingle, B. J., and GrUYitli, J. Q., Chapter IG, 
The But in Laboratory luvestigutioii, J. B. Llppin- 
coU Co., Bhiladelphia, 1912. 



Fig. 2. 

The effect of adrenal cortex extract upon the 
level of urinary nitrogen immediately following 
adrenalectomy. Averages of 10 rats per group. 

organic matter was oxidized by sulfuric acid 
and hydrogen peroxide. Copper sulphate 
and sodium sulphate were used as catalysts. 
The ammonia was distilled off into a standard 
acid solution and titrated with standard base. 

Experiments and results. In Experiment 1 
(Fig. 1) 24 rats were observed during a 
control period of 2 weeks. At this time 8 
rats were adrenalectomized and were given 
4 cc of beef adrenal extract (Upjohn) per 
day for 7 days; 8 adrenalectomized rats re- 
ceived injections of 4 cc of 0.9% sodium 
chloride solution for 7 days; and 8 sham- 
operated rats received injections of 4 cc of 
0,9% sodium chloride solution for 7 days. 
The adrenalectomized rats showed some de- 
crease in urinary nitrogen during the first 
24 hours with a subsequent rise. The in- 
crease in nitrogen loss was significantly greater 
in the saline-injected adrenalectomized ani- 
mals than in either the treated adrenalecto- 
mized group or the sham-operated controls. 

Experiment 2 (Fig. 2) was identical with 
Experiment I except that 30 rats were used 
and it was carried out during the summer 
months instead of early winter. The relative 
changes following operation were identical 
with the results of Experiment 1. The level 
of urinary nitrogen was significantly lower 
than for Experiment 1 during all phases of 
the experiments. 

Discussion. These data support our earlier 
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lococcus was°“nhibLftn^dilY^^’ 
(crude material 1/370) and *°r 
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Effect of Adrenal Cortex Extract Unon fh tt • 

Follow^ 'vd"r„",:'’LY;.“"'' »«“ 


Dwight J. Ingte and Mildred C PRESTRim 


The adrenal cortex has been characterized 
s a regulator of protein metabolism. It is 
generally true that the adrenally insufficient 
animal e.xcretes smaller than normal amounts 

^Ln'T7 administra- 

t on of adrenal cortex extract or of the ll-oxw 

steroids favors an increased loss of nitrogen^. 
The present report concerns an e.\xeption to * 
the above rule. Others are known 

In studies on the force-fed rat it was 
noted that following adrenalectomy the 
animals which were given saline to drink 
without additional treatment e.xcreted more 
urinary nitrogen than did similar animals 
which were treated with adrenal cortex ex- ‘ 
tract or than did sham-operated rats. The 


extends these 


present study confirms and 
preliminary observations. 

Strffif tS; Sprague-Dawley 

strain were maintained on stock diets of 

S™pSlet^^lT and Archer 

raS’reaS (E-^criment 2). When the 

Set approximately 300 g 

they were adapted to the /orce-feedin^ of a 

medium carbohj'drate diet by stomach tube 
each morning (S:30 to 9:15 A.M.) and after- 
noon {4:15 to 5;00 P.M ) Ti,r , k • 
of force-feeding and the diet '{Table I)'ZZed 


table I. 

C-irbohrUriin* Viet 


CoDdtitupjit 


iLoug, C, n., Katzili, B., and Fr}', E, G., 
EndocrinoUgy, lOtiO, 2«, 30D. 

SKoelsche, G. A., and Kendall, E. C,, Am, J. 
Physiol,, 1035, 112, 335, 

3 Berman, B,, Sylvester, ^L, Bar, E, C, and 
Sclyc, H., Endocrinology, 1047, 41 , oyS. 

Ingle, D. J., and Oberic, E, A., Am, J, Physiol., 
104G, 147, 222. 

Single, B. J., ^Vnrd, E, 0., and Kuizonga, Xf. R., 
dm, J, Physiol, 1047, 140, 510. 


n',"" ''''“//Chicr.KTw^n^irSupplvT 
a^bonio & Mondol s.-ilt mi.Muro 
Bned von»t (Pabst) 

\\ beat giTm <;ii 
< nd liver oil 

K (2 metbvM,.l.p.-,,,lul,u. 

Qnmone) 
i^^azo]a oil 
t'aseiii (Lalvo) 

Starch 

l>eytrjn 

Sucrose 

Water to maA'e total of 
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were modifications of those described by 
Reinecke, Ball, and Samuels.^ The rats were 
brought to a full feeding of 26 cc per rat per 
day on the 5 th day. After the rats had been 
force-fed for 2 weeks the adrenal glands were 
removed by the procedure of Ingle and 
GriffithJ In the control animals the adrenal 
glands were exposed but were not damaged. 
Asepsis was successfully maintained in these 
operations. All of the animals were given a 
solution of 1% sodium chloride to drink dur- 
ing all phases of the experiments. The 
animals were housed in an air-conditioned 
room in which the temperature was main- 
tained at 74 to and the humidity at 30 
to 35% of saturation. 

Twenty-four-hour samples of urine were 
collected at the same hour each day and were 
preserved with thymol %Yith added citric acid 
(1 g per sample) to insure the acidity of the 
urines for nitrogen analysis. The determina- 
tion of urinary nonprotein nitrogen was by 
the micro-Kjeldahi procedure as follows; pro- 
teins were precipitated as the salts of tung- 
stic acid by the Folin-Wu procedure. The 



DAYS 

Fig. 1. 

The effect ot uilreual cortex extract upon the 
level of urhviry nitruj^eu inuneUiutely folluwiug 
atirenalectoiny. Averages of S rats per group. 

^ Heinecke, K. M., Ball, II. A., aud Samuels, 
1. T., Pnoc. Soc. Fxi». Biou .vnd Mkd., 1930, 41, 
44. 

’Ingle. D. J., and Griffith, J. Q., Cliapter IG, 
The Bat in Laboratory Investigation, J. B. Lippin- 
cott Co., Philadelphia, liU’2. 



The effect of adrenal cortex extract upon the 
level of urinary nitrogen immediately foUo^ving 
adrenalectomy. Averages of 10 rats per group. 

organic matter was oxidized by sulfuric acid 
and hydrogen peroxide. Copper sulphate 
and sodium sulphate were used as catalysts. 
The ammonia was distilled off into a standard 
acid solution and titrated with standard base. 

Experiments and residts. In Experiment 1 
(Fig. 1) 24 rats were obser\^ed during a 
control period of 2 weeks. At this time 8 
rats were adrenalectomized and \Yere given 
4 cc of beef adrenal extract (Upjohn) per 
day for 7 days; 8 adrenalectomized rats re- 
ceived injections of 4 cc of 0.9% sodium 
chloride solution for 7 days; and 8 sham- 
operated rats received injections of 4 cc of 
0.9% sodium chloride solution for 7 days. 
The adrenalectomized rats showed some de- 
crease in urinary nitrogen during the first 
24 hours with a subsequent rise. The in- 
crease in nitrogen loss was significantly greater 
in the saline-injected adrenalectomized ani- 
mals than in either the treated adrenalecto- 
mized group or the sham-operated controls. 

Experiment 2 (Fig. 2) was identical with 
Experiment 1 except that 30 rats were used 
and it was carried out during the summer 
months instead of early winter. The relative 
changes following operation were identical 
with the results of Experiment 1. The level 
of urinary nitrogen was significantly lower 
than for Experiment 1 during all phases of 
the e.xperiments. 

Discussion, These data support our earlier 
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Augmentation of Femoral Venous Flow 


observations*^'^ that the administration of 
adrenal cortex extract to force-fed rats im- 
mediately following adrenalectomy tends to 
suppress the post-operative increase in urinary 
.nitrogen as compared with that of the un- 
treated animal. The adrenalectomized rat 
usually shows a temporary decrease in urinary 
nitrogen which is not shown by sham-operated 
animals. This may possibly reflect a differ- 
ence in the breakdown of thymus and other 
lymphoid tissue or it may reflect an increase 
in nitrogen retention in the body fluids. Noble 
and Toby^ reported a temporary decrease in 
loss of nitrogen after adrenalectomy followed 
by a rise above the pre-operative values, 

Koelsche and KendalF found that adrenal 
cortex extract tended to inhibit the catabolic 
effect of thyroxin in the adrenally insufficient 
dog. Berman et al? noted that regeneration of 
liver is suppressed in the adrenalectomized rat 
and that regeneration is supported by treat- 
ment with adrenal cortex extract. 

The possibility must be considered that 
adrenal cortex extracts favor anabolism under 
certain conditions because of the presence of 
androgenic steroids. However, such extracts 

s Noble, It. L., ajid Toby, C. G., EndocTxno}.^ 
1948, o, 303. 


have never been shown to possess androgenic 
properties. 

The average level of urinary nitrogen was 
higher in all phases of Experiment 1 than in 
Experiment. 2 Such shifts in the average level 
of constituents of blood, urine and tissues are 
not uncommon in this laboratory. The reasons 
have never been elucidated bei^ond the demon- 
stration that even small variations in tem|>era- 
ture are important. Values on the nitrogen 
content of our fluid diets, on standards and 
unknoTOs have remained uniform. Because 
unknown variables influence the results of 
experiments which are thought to be under 
rigid control, it is essential that all control 
studies be done in parallel with the experi- 
mental study. 

Summary. Two experiments were carried 
out as follows. Force-fed rats given saline 
to drink were subjected to adrenalectomy or 
to sham operations. Half of the adrenalecto- 
mized rats were treated with 4 cc of beef 
adrenal extract per day. All of the animals 
showed an increase in urinary nitrogen fol- 
lowing operation but it was significantly less in 
those animals which either had their adrenal 
glands intact or were treated with adrenal 
cortex extract. 
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Augmentation of Fejnoral Venous Flow in the Dog by Electrical 
Stimulation of Muscles. 

V. L. Tichy and B. W. Shaw. (Introduced by F. R. Mautz.) 

From the Department of Surgery, Western Heserve Vniversity, CU veUintf^ Ohio. 


The procedure was performed 6 times on 
2 mongrel dogs^ weighing approximately 1 1 kg. 
They were anesthetized with intravenous 
nembutal. Eighteen mg of heparin was given 
intravenously at the beginning of the pro- 
cedure, The femoral vein was exposed and 
cannulated. On one dog a straight glass can- 
nula was used. On the other a T-shaped can- 
nula was inserted, so that no backing up of 
blood was allowed between periods of flow. 
The diameter of the T-cannuIa was smaller 


than that of the straight one; consequently 
the minute flow was less. The blood was 
caught in a sterile graduated cylinder, flltered 
and rein/used at the end of the experiment. 

The stimulation was achieved by means of 
faradic current. The intensity of the current 
and the placing of the electrodes on the l/mb 
were so arranged that a gentle contraction of 
the muscles of the whole limb was obtained. 
The stimulation was intermittent, 2 seconds 
of exercise being alternated witli 3 seconds of 
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rest. The total period of repeated stimulation 
was 30 seconds and the flow per minute was 
calculated. 

The flow of blood from an open free flowing 
cannula was caught and measured, both dur- 
ing a period of control when the limb was rest- 
ing and flaccid, and during a period of stimu- 
lation as described above. Near the end of one 
of the procedures, the cannula became par- 
tially occluded by clotted blood, and the flow 
was reduced to a slow drip. The flow during 
both exercise and rest was also recorded 
under these circumstances. Several observa- 
tions were recorded on each dog, and averages 
^Yere computed as shown in the tables, 
iMeasurements during stimulation were alter- 
nated with measurements during rest in an 
effort to eliminate after-effects of stimulation 
on blood vessels. 

Results. Measurements are recorded in the 

I Krogb, August, Tlie Anutouiy and Physiology 
of the Capillaries, New Haven, Yale ITuiversity 
Press, 1927. 

- Bulbring, Edith, and Burn, J. II., J. Physiol. ^ 
1939, 95, 203. 


TABLE I. 


No obstruction 

At rest 
ec 

With stimulation 
ec 

Bog No. 1 

45 

90 


39 

79 


33 

74 

Avg 

39 

81 

Bog No. 2 

30 

53 


27 

50 

Avg 

28.0 

51.5 


table. The venous return was increased from 
80 to 100% by stimulation of the muscles 
when the cannula was flowing freely. When 
there was a partial obstruction, the increase 
was considerably greater, in one observation. 

Condnsiojis. From these observations it 
is concluded that the venous flow of blood 
from a limb is increased by muscular con- 
tractions elicited by periodic electrical stimu- 
lations. The increase in flow was from 80 to 
100%. Results suggest that increased blood 
flow is one of the reasons why similar methods, 
when applied to a large number of postopera- 
tive patients, have effected a marked reduc- 
tion in the incidence of venous thrombosis. 
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Protection of Gastric Mucosa of the Rat against Ulceration by Prefeeding 

with Protein Hydrolysates. 


Harry Shay, IMargot Gruenstein, Herman Siplet, and S. A. Kor^iAROV. 
From Samuel S. Fcis Research Institute^ Temple University School of MedicinCf 

Philadelphia, Pa. 


The beneficial effects which Co Tui and his 
associates^ reported to have resulted from the 
addition of large amounts of protein hydroly- 
sates to the dietary of patients with gastric 
or duodenal ulcers have been amply corrobor- 
ated by subsequent clinical experience. How- 
ever, no adequate explanation of (he action 
of sudi preparations has as yet been found. 
It has been thought that the buffering action- 
of the protein hydrolysates and/or the re- 

it’o Tui. Wright. A. M., Jtulhollaiul, J. U,, 
Galviu, T., Ban-lmm. I., ami Gt rst, 0. U., Oa.vtro- 
entcroloyy, 1943, 5, 3. 


sultant improvement in the nitrogen bal- 
ance^’^*'* may be responsible for the beneficial 
effects observed. Opinions based on clinical 
studies have been expressed in favor of each 
of the above mechanisms, but the evidence 
presented cannot be regarded as conclusive. 
While the administration of protein hydroly- 

-*Lo\y, J. B., umi Siler, K. A., Hm. J. Digc.it, 
l>Ls\, 1942 , 9 , 334 . 

Ilotlged, H. ir., Oasirocnivrology, 1947, 8, 
470 . 

t Kcuaiuon*, B., Lancrgaii, W., ami Shy, J. C., 
Castrocntcroloyy, 104S, 10, 177. 
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sate to ulcer patients lias given encouraging 
clinical results, the effect of the hydrolysate 
on peptic ulcer and the mechanism of its 
action, as far as we know, have not been 
investigated experimentally. 

We have described a method for the uni- 
form production of ulceration in the rumen of 
the rat.^ With this method ulceration de- 
velops as a result of the action of acid gastric 
juice accumulating in the empty stomach after 
pyloric ligation. In addition, a certain mini- 
mal concentration of pepsin and of acid is 
necessary for the development of ulceration, 
since neutralization of the acid or inactiva- 
tion of the pepsin prevents ulceration.'^ 
We realize that rumen ulcers in the rat 
represent lesions of the wall of a cavity 
lined with squamous epithelium which In 
their pathogenesis may differ somewhat 
from ulcers of the glandular mucosa. How- 
ever, as we'* have pointed out previously, 
this method is valuable in studying the re- 
sistance of the gastric mucosa to acid-pepsin 
ulceration under various experimental condi- 
tions. This method has been employed by 
others^'^ as well as by ourselves^® for assay- 
ing antacid and anti-ulcer agents. By its 
means we have studied the effect of protein 
hydrolysates on the development of experi- 
mental ulcers in the rat. In this communica- 
tion we report results which indicate that the 
fortifying of an otherwise adequate diet with 
protein hydrolysate affords definite protection 
to the gastric mucosa of the rat against the 
ulcerative action of acid gastric juice. 

Experimental method and results. In the 
present study 106 rats were used. All the 

5 Shay, H., Komarov, S. A., S. S,, AXeranze, 
D., Gruenatciu, XT., and Siplot, H., Oa^/roaticrol' 
ogy, 1945, 5, 43. 

0 Wick, A. N., Irish, A. J., Pauls, P., aud XXac* 
Kay, E. XL, Proc. Soc. Exp. Biol, axd XIeo., 
1947, 04, 40. 

7 Pauls, F., IVick, A. N., and IfaeKny, E. XL, 
Gastroenterolof/y* 1947, Sy 774. 

SRisley, E. A., Raymond, W. B., and Barnes, 

B. H., Jvi. 1947, 150, 754. 

£) XXorris, C. B., Grossman, XL I., and Ivy, A. C, 
Am. J. lUujswly 1947, 14S, 3S2. 

10 Shay, XL, Komarov, S. A., Sipict, Xr.» 
Grucnstciii, Jf., Am. J. Diacst. Ois., 10-17, l-«. fO. 


animals were females of the Wistar strain, 
bred in our own colony. After weaning, they 
were maintained on the Rockland Diet.* We 
confined our investigation to one se.x in these 
experiments on account of the difference in 
the weight curx^es of tlie two se.xes, and 
particularly since Zucker and Zucker^^ have 
shown that the more rapidly growing male re- 
quires more protein in the diet than the 
female. At the beginning of the experiments 
the weights of the animals ranged from lOO 
to 120 g. The females in each litter were 
divided into 3 groups, one control and 2 ex- 
perimental. All the animals were fed the 
Rockland Diet ad Ubltum and the amount of 
food consumed by each animal during the 
experimental period of 28 days was recorded. 

Two commercial preparations of protein 
hydrolysate were used as dietary supplements, 
each in a separate experimental series. Thus, 
in addition to the colony diet, animals in one 
series received by stomach tube 2 cc of 
hydrolysate At in the morning and also 
in the late afternoon 6 days a week for a 
period of 4 weeks (28 days). The animals 
in the second experimental series received 
similar 2 cc quantities of a suspension of 
hydrolysate which has a nitrogen 

content equivalent to that of hydrolysate 
A. Since hydrolysate A contains 22% of 
sucrose, a similar solution of sucrose alone 
was administered as a supplement to the 
animals in the control series to substitute tor 
the protein hydrolysate. The experiments 
were done on 10 animals at a time, namely, 

* Tho "Boeklaud Bat Biot*' contains -4.S3C^ 
of protoin, 4.G7^ of fat, and 49.32Cr of carbo- 
hydrate, according to the statement of the manu- 
facturers (Aready Fanns Milling Company). 

11 Zucker, T. F., and Zuckcr, L., Vuoc. Soc. 
Exp. Biol, and XIxd., 1944, 55, 13d. 

t IlydroJysatc A. supplie<l by Sharp ami Dolnno, 
Inc., contains an equivalent of of protein, as 
calculated from the nitrogen content {X X 
and in addition of sucrose. ( untroJ 
solution contained added vitamins jire-»«'nt m 
hydrolysate A. 

* Hydrolysate B, suppUc<I by Mead, Johnson and 
Co., contains an equivalent of ToCc of protein, as 
calculated from the nitrogen content (X x ‘L35). 
Caloric value: 1 S ^ 
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on 5 which had received supplemental hydro- 
lyzed protein and on 5 controls. All the 
animals treated sinularly have been grouped 
together in one series and the different series 
will be referred to as hydrolysate A-treated, 
hydrolysate B^reated, and sucrose-treated 
controls respectively. 

Some modifications of our previously de- 
scribed technic were adopted in this study. 
Following the suggestion of Pauls, Wick and 
Mackay,^ we used brief ether anesthesia dur- 
ing the operative period, not supplementing it 
with urethane as we had done in our original 
studies.^ This resulted in more rapid re- 
covery of the animal, a much earlier restora- 
tion of active gastric secretion, and a more 
rapid production of ulcers {91% ulceration 
in 6 hours when 2 cc of saline were instilled 
into the stomach after pyloric ligation) . 

The animals in all 3 series underwent the 
same preliminary treatment, which was as 
follows. After 48 hours’ starvation the animal 
was placed under light ether anesthesia and 
the pylorus was ligated. The stomach was 
lavaged with distilled water, warmed to 38°C, 
and 2 cc of saline were then introduced. Each 
animal was placed in a separate clean cage, 
and was sacrificed 6 hours later. 

In this study we routinely inspected the full 
length of the esophagus in each animal. We 
believe this to be essential, for in some cases 
perforating ulcers of the esophagus develop 
rather early. This causes a large part of the 
gastric juice to be lost from the stomach, and 
as a result the residual volume of gastric 
juice within the stomach becomes so small 
that it is insufficient to bathe the rumen and 
cause ulceration. A few cases of perforating 
esophageal ulcers occurred in our experiments 
and these were discarded. 
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Table I shows the number of animals with 
rumen ulceration :md the mean values for the 
composition of the gastric contents of the 
animals in each series. It is clear that the 
fortifying of the already adequate diet with 
protein hydrolysate produced a rather strik- 
ing increase in the resistance of the rumen 
mucosa to the destructive action of the verv 
potent gastric juice. In a considerable pro- 


33 

CJ 



’ Vc or animals wuii uicors in cacn sonos was caicuiarea irom au ammais ubuu. ^ .inn 

1 For analysis of gastric contents several animals wore not uvailuhlo due to accidents or heavy contamination of the gastric contents with hlood. 
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drolysate-treated animals was not due to a 
greater caloric intake, since the' average 
amounts of food consumed daily by the 
animals in all series were isocaloric, although 
the diets differed in composition. This is 
illustrated by the data presented in Table III, 
which also shows the proportions of protein, 
carbohydrate, and fat in the different diets, 
so that the food intake of the hydrolysate A- 
and the hydrolysate B-treated series may be 
compared with that of the sucrose-treated 
control series! The rate of growth was ade- 
quate in all groups and no statistically sig- 
nificant difference was found between the 
weight gain of the sucrose-treated controls and 
that of the protein hydrolysate-treated 
animals,^ This indicates that the protein in 
the Rockland Diet was adequate for the ani- 
mals at the weight levels at which the experi- 
ments were started, and that the addition of 
protein hydrolysate did not result in any sig- 
nificant increase in the nutritional value of 
this diet. 

Nevertheless, these experiments show that 
the prefeeding of approximately 25% more 
hydrolyzed protein to the experimental 
animals than was fed to the controls for the 
relatively short period of 28 days resulted in 
a very marked increase in the resistance of 
the rumen mucosa to peptic ulceration. This 
may be regarded as a true prophylactic action. 
The only other preparation that has been 
reported to be effective in the prevention of 
peptic ulceration is enterogastrone, as demon- 

^ Hydrolysate A treated trrjftw Hydrolysate B* 
treated: t zr 1.85, d. f. - 75, P O.OO. Hydroly- 
sate A'treated rer^ai.'i sucrose-treated control: 
t = l.iU, d. f. — 81, P — 0.10. Hydrolysate B- 
treated rer.vM.-j sue rose-t rented control: t 0,0:1, 
d. f. 04. P >0.55. 


strated in experimental studies on dogs.^ 

It is notew^orthy that this prophylactic ef- 
feet of protein hydrolysate was exerted against 
the ulcerating action of acid and pepsin, the 
agents which were shown to be responsible for 
the type of experimental ulcer produced by 
our method in the rat, and which also are 
generally accepted as factors of primary im- 
portance in the development of peptic ulcer- 
ation in man. All concepts regarding the 
etiology of gastric and duodenal ulcers in man 
recognize that factors other than acid and pep- 
sin are also involved. Among these are in- 
cluded differences in the resistance of tissues 
to the destructive action of gastric juice. If 
the prophylactic action of protein hydrolysate^ 
which is demonstrated in this study for the 
the rat, should be found to apply also to man, 
the first step in the solution of the all- 
important problem of ulcer prevention will 
have been accomplished by the simple expe- 
dient of fortifying the diet. Experiments are 
now being carried out to determine whether 
the addition of native proteins to the diet will 
produce the same effect as hydrolysates. 

Summary. The supplementing of an al- 
ready adequate diet with protein hydrolysates 
in amounts equivalent to 25% of additional 
protein produced in rats a marked increase in 
the resistance of the gastric rumen to peptic 
ulceration without concurrent changes in the 
volume, the acidity, or the peptic power of 
the gastric contents. This protective effect 
was not accompanied by any significant 
changes in the rate of growth of these animals 
as compared with animals on a control diet 
supplemented with sucrose alone. 

Li Hands, A. P., Greengurd, IL, Preston, F. XV., 
Fauley, G. B., and Ivy, A, C\, Kiulocrinolotfi/, 1942.. 

005. 
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Technical Procedures for the Study of Organogenesis in vitro in 

Aniblystoma. 

Charles E. Wilde, Jr. (Introduced by E. G, Butler.) 

From the Deportment of Biology, Frinecion University. 


TJhe purpose of this report is to present 
the technical procedures which have been 
developed in a study of the organogenesis and 
differentiation of small pieces of embryonic 
amphibian tissue. Explants from Iar\^al 
Amblystoma piinctaiim {Ambystoma macti- 
latum (Shaw) ) were used. The methods 
employed were modifications of existing tissue 
culture technics. 

Among the many studies of explan ted tis- 
sues in vitro, relatively few have dealt with 
potentialities and capabilities of explants to 
differentiate into formed structures, such as 
organs or organ systems. Fischer^ first re- 
ported endodermal epithelial aggregates which 
differentiated into cellular structures of the 
alimentary tract. These structures, called 
intestinal organisms, have been reported oc- 
casionally since. Using the Ekman technic 
of explantation to tap water, Stohr- reported 
several cases where heart-like structures de- 
veloped from Eombinator explants. Some of 
these beat rhythmically within their epithelial 
sacs. Examination of published photographs 
of these experiments reveals little in the way 
of histological differentiation, or of the for- 
mation of anatomically proper lumina. All 
were very small. (Technical details are lack- 
ing in the report of Stdhr.) True morpho- 
genesis has been demonstrated by FelP in a 
series of remarkable papers dealing with the 
developmental mechanics of bones of the 
chick in vitro. Fell succeeded in effecting the 
development, in an essentially normal manner, 
of rudiments of femur, sternum and limb 

1 Fischer, A., X Bxp, Med,, tiU, J03. 

2Stolir, P., Jr., Arch, BnUi\ Mcch., 1024, 102, 
420. 

3 Fell, n. B., Proe. Boy, Soc. London. vSer. B, 
1034, 110, 310; Phil. Trnns. Boy, Soc. London, 
Ser.'li, 1030, 407; J. Boy, Microsc, Soc., 

1940, GO, 95. 


joints from explants of 4 to 9 day avian em- 
bryos. Holtfreter^ has reported, in connec- 
tion with his extensive studies on early am- 
phibian morphogenesis, that certain pieces 
of head ectoderm and mesoderm, reared in 
isolation in salt solution (Holtfreter solu- 
tion'^) developed balancers, in some cases 
more than would normally have formed in 
situ. Discussion of the experimental results 
of our investigation will be reserved for fu- 
ture publication. 

The technical details reported here readily 
fall into 3 topics and will be taken up in 
the order of their use in the experiments. The 
various technics to be discussed may \Yell 
find application in many fields of investiga- 
tion. 

1. Sterilhation o} tissue. The cultivation of 
amphibian tissues, particularly those covered 
with epidermis, has always been hindered by 
the deleterious influence of the bacterial flora 
of the pond or tap water in which the animal 
or embryo is living. Larvae and adults are 
further contaminated by the passage into 
their immediate aqueous environment of their 
intestinal (bacterial) flora. In the past, this 
has limited the culture of amphibian surface 
and sub-surface tissues to short term studies 
or to the fortuitous occurrence of bacteria- 
free explants. Irradiation of amphibian tissue 
by ultraviolet light, with the aim of rendering 
tissues aseptic, always iiu^olves the danger of 
altering the tissue in some manner. The ideal 
method of rendering tissues sterile requires 
massive inhibition and death of contaminant 
bacteria, while the tissue to he studied is 
left in a normal or close to normal state. 

The recent report of Detwiler, C'openlKtver 
and Robinson^ on the increased surviv'al of 

1 iloUfroter, J., J. Krp, ^oo{., 1915. l>i#, lUl. 

Holtfreter, X, X B,rp. ^ooL. 1913, Uif, 251. 
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amphibian eggs and embryos, following mas- 
sive operations, when kept in a solution of 
0.5 to i.O^ sodium sulfadiazine is of great 
value to the experimental microsurgeon. We 
have been able to confirm this finding. How- 
ever, Detwiler and hb associates were con- 
cerned with essentially whole animals, which 
presumably are endowed with a certain 
amount of tolerance or resbtance to bacterial 
attack. Such a situation does not prevail in 
the case of excised pieces of organs and 
tissues of the.se animals. Not only is the 
orderly integrative effect of the “whole’ 
animal lost, but also the ratio of wound sur- 
face to mass is increased. When such pieces as 
limb buds are transferred to nutrient medium 
following treatment in 0,5- 1.0% sodium sulfa- 
diazine, the onset of bacterial growth is de- 
layed somewhat. It b, however, not com- 
pletely inhibited, and at the end of 48 hours 
necrosis and cytolysis of the explant ensues, 
the result of a very visible growth of bacteria. 
When the contaminated culture fluid was 
plated out on nutrient agar, a large number 
of colonies appeared in 48 hours. These were 
found to consist of gram-negative, motile rods 
and, on further test (lactose fermentation, 
indole formation, etc.), proved to belong to 
the Escherichia coH group. Any culture of 
amphibian tissues contaminated by such bac- 
teria is doomed to rapid cytolysis. 

It has been found that the addition of 
streptomycin in a concentration of 10 - 20 y 
per milliliter to the sulfadiazine bath of Det- 
wiler €6 aL will render small amphibians and 
their tissues completely aseptic in 24 hours 
in over 95% of attempts. The technic used 
in this laboratory is as follows*. A 0.5% (for 
embryos) or 1.0% (for larvae) solution of 
sodium sulfadiazine is made up in tap water* 
To this is added streptomycin in a concentra- 
tion of 10-20 y/mL This solution b placed in 
sterile co%^ered slender dishes, in each of which 
one or two embryos or larvae are placed. The 
animals are kept in ihb solution for 24 hours 
at the end of which time they are sterile 
and ready for operation. They are anaesthe- 

<JDolwUer, S. K., Copeulmvor, W. M., am} Rob- 
inson, C. 0., J. /oo?., 1947, 100, 109. 


tized, if need be, in sterile MS 222. he 
operative removal of the organ anlagen is 
carried out aseplically under a plexiglass 
shield mounted just below the oculars of a 
dissecting binocular microscope. Surgery is 
carried out using sterile iridectomy scissors, 
microscalpels, and watchmakers forceps. Each 
explant is removed from the operating dish 
with a mouth pipette, and placed in a bath 
of sterile Holtfreter solution. This bath is 
employed to promote the wound healing of 
the epidermis of the tissue piece, and to per- 
mit the diffusion from the tissue of the 
sulfadiazine and streptomycin solution. Ex- 
plants are kept in these baths individually 
for a minimum of two hours. Following this, 
the tissue is removed from the bath with an 
absolute minimum of salt solution (again by 
mouth pipette) and transferred to a drop of 
nutrient on a sterile cover slip. The prepara- 
tion is then sealed to a depression slide with 
a sterile paraffin-vaseline mixture. Experi- 
ments thus set up are placed in a constant 
temperature chamber at 20® C for further 
study. 

The sulfadiazine-streptomycin solution here 
employed has e.\hibited no toxic effects what- 
ever. Detwiler, Copenhaver and Robinson® ‘ 
reported a retardation of growth of their ani- 
mals when kept in 0.5-i.0% sodium sulfa- 
diazine. Such an effect has not been noticed 
in our experiments. Both larvae and embryos 
continue to grow at normal rates, to undergo 
morphogenesis and to differentiate in a nor- 
mal manner. Larvae and embryos have been 
kept for as long as one week in this solution 
with no visible ill effects. Young embryos 
(neurulae) may' be removed from their cap- 
sules in thb solution and develop normally. 

The procedure outlined above does not 
inhibit the growth of fungi which may con- 
taminate amphibia. However, if precautions 
are taken in the maintenance of the animals 
in the laboratory, fungus infection can be 
kept at a minimum (approx. 2%). 

2. Cnitiirc medium. The medium used in 

* MS 222 CjoItia^O^S. X meta'amiuo-benzoic 
acM-ethylcster in the form of a methan'sulfonate. 
(Sandoz Chemical Works, Basel and Xew York), 
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this study consisted of a mixture of two 
fluids: 1) Citrated rabbit plasma obtained by 
sterile heart puncture, and 2) a solution of 
half strength Holtfreter solution, containing 
as additions 0.25% agar, 0.045% sodium 
nucleate and 0.77% glucose. Equal portions 
of these two fluids were mixed to form the 
final medium. This medium has sustained 
the growth and differentiation of amphibian 
limb buds for as long as 20 days. Routinely, 
cultures are kept for from 4 to 12 days. For 
these periods it does not need to be replen- 
ished. This medium is not by any means con- 
sidered to be perfect for amphibian tissue, 
nor is it felt that all requirements for growth 
and differentiation are supplied. It is hoped 
that further experiments will result in a 
medium in which all of the constituents are 
known chemically. The small amount of 
yolk included in embryonic explants un- 
doubtedly constitutes a part of the essential 
nutrient. Tissues do survive, however, be- 
yond the point where yolk is visible micro- 
scopically either in the culture or in the 
cells. 

The above medium was developed after 
experiments had been made with the syn- 
thetic medium of White.'* It was found that 
White's medium alone would not support the 
growth of embryonic or larval amphibian 
tissue. .Also, the inorganic salt solution of 
White, when used in place of Holtfreter solu- 
tion in the above medium, would not support 
growth. 

3. Epidermal closure oj the wound. It has 
been found that the piece of tissue in culture 
must be covered by the epibolically active 
epidermis before organogenesis will take place. 
Holtfreter solution, as a bath for the explant 
prior to placing it in the hanging drop, serN^es 
well to enhance the wound healing capacities 
of the epidermis. In earlier stages this pro- 
cess may be observed under the low power 

T White, p. R., Growth, liHO, 10, ^31. 


microscope. When healing of the epidermic 
does not take place, the explant forms a cul- 
ture characterized by migrating cells and 
loss of structural organization. The medium 
as used also favors epithelial permanence, f.e., 
if the tissue is not in contact with the glass 
cover slip, but rather hangs down in the 
center of the drop. Epiboly of the epidermis 
is not hindered by the contact of the e.xplaru 
with the medium-air interface in the well of 
the slide. The agar contained in the medium 
tends to increase its viscosity to the consb- 
tency of a soft mush (Spratt''). The agar, 
plus the lack of fibrin strands to promote the 
outwandering of cells, is thought to assist in 
the maintenance and development of morpho- 
logical organization of the explant within its 
epithelial sac. 

By the use of the technics described above, 
it has been possible to study the differentia- 
tion in vitro of such complex organs and or- 
gan systems as limbs, hearts, gills, balancers, 
and eyes. Differentiation has been, in all 
cases where it occurred, essentially nonnal, 
although somewhat slower than in the intact 
controls. 

Summary, I. A technic is described for 
rendering surface and subsurface tissues of 
amphibia wholly sterile for use in tissue cul- 
ture. Advantage is taken of the uontoxic 
.'^elective antibiotic action of small concentra- 
tions of sodium sulfadiazine and streptomycin. 

2. A medium which supports organogen- 
esis, differentiation and growth of isolated 
organ and organ system primordia of am- 
phibian embryos has been reported. The 
principal components of this medium are 
citrated plasma, salts, agar, glucose and 
sodium nucleate. 

3. Morphogenetic activity in an e.xplanted 
piece of tissue occurs only when the epidermis 
heals so as completely to cover the e.xplant. 

sls|in/rf, N. T.. Jr.. J. Kii*. Vji7, HXI, 

34 .-/. 
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Orlando Olcese and P. B. Pearson, 

From the Department of Dioehemistrif ami Nutrition, Agricnltura} and Mechanical College of 

Texas, College Station, Texan, 


The rabbit shows some very interesting 
peculiarities in its nutrition in that it does 
not require a dietary source of riboflavin, 
pantothenic acid, biotin or folic acid.^ On 
the basis of the excretion of these vitamins 
it is apparent that there is considerable mi- 
crobial synthesis in the digestive tract of the 
rabbit. Rabbits show a normal functional 
coprophagy which presumably enables them 
to make better utilization of the vitamins syn- 
thesized in the digestive tract. It has been 
shown that more than 50% of the feces pro- 
duced by the rabbit is normally reingested.- 
The literature on the synthesis of the B 
vitamins and of protein by microorganisms in 
the paunch of ruminants has been previously 
re vie wed.** It is well established that ele- 

mental forms of nitrogen such as urea can 
be converted into protein by microorganisms 
in the rumen of polygastric animals and that 
the protein is utilized by the host ani- 
mal. The fact that the rabbit has a 
large cecum favorable to microorganisms 
and the recent observations showing that 
they do not require a dietary source of some 
of the B vitamins prompted us to investigate 
the possibility of amino acid synthesis by the 
rabbit and its utilization during the normal 
process of feces ingestion. Observations have 
also been made in the course of these studies 
on the effect of decreasing the level of pro- 
tein on the requirements for vitamin A. 

Experimental. Weanling rabbits, 8 weeks 
old. of the Xew Zealand White breed and 

J OK'fho. Orlando, I\ R., and Sv.-U\vci' 

R. S., A'lUnfJoa, 1U4S, US, 577. 

- Eden. A., Satnre, IDIO, l lo, 30. 

*K5o.'> 3, Harold, Sutntion and lUv., 11)43 

12, 331. 

^ .Mi-Naught, M. L., and Smitli. J. R. A., Xutri- 
twn Ah.str. and Dev., 31)47, 17, IS. 

'• Kon, S. K., and Porter, J. W. G., Xutrition 
Ab.str, and Fvv., 11)47, 17, 31. 


weighing 800 g to 1200 g were used in these 
studies. There were 5 rabbits in each group 
with an equal number of males and females. 
These were kept in wire bottom cages. This 
type of cage does not prevent coprophagy in 
the rabbit. Group I was fed a diet com- 
posed of purified casein (Labco) 10%, DL- 
methionine 0.30%, cerelose 68.2%, cellulose 
10%, Salts mixture** 3%, corn oil 8%, A & D 
Oil (Nopco XX) 0.5%. The following 
amounts of vitamins were added per 100 g of 
diet: mLxed tocopherols 50 mg, choline chlo- 
ride 200 mg, niacin 20 mg, inositol 10 mg, py- 
ridoxine hydrochloride 0.7 mg, thiamine hy- 
drochloride 0.7 mg, riboflavin 0.7 mg, calcium 
pantothenate 1 mg, and 2-methyl, 1, 4-naph- 
thoquinone 0.075 mg. Group 2 was fed a diet 
similar to the above e.xcept that 3.43% of 
urea was added at the expense of an equal 
amount of dextrose to make the protein 
equivalent (X x 6.25) to 20%. The third 
group received 20% of casein and no methi- 
onine. At the end of the 4th week the diets 
were slightly modified by replacing wood pulp 
for the cellophane as a source of cellulose. 
The methionine was added at levels so that 
the methionine content of the diets contain- 
ing 10% of casein was equivalent to that of 
the diet containing 20% of casein. Since 
methionine has been showm to favor the syn- 
thesis of amino acids in ruminants^ it was 
added to eliminate this as a factor of varia- 
tion with regards to the control group re- 
ceiving 20% casein. Water and food were 
given ad libitum. The rabbits were kept on 
e.xperiment for 10 weeks and weighed at 
weekly intervals. 

The average growth response of the animals 
in each group is shown in Fig. I. As can be 

<» Hegsted. D. Mills, K. C., Klvohjvm, A., 
and Hart, K. R., ./. liUd. Chvm,, 1941, 439. 

7 Eoo.sli, J. K., and Harris, E. E., Anim, Sci 
1045, 4, 435. ' 
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Grams 



Weeks 

Fig. I. 

Growth of rabbits on diet containing 20% casein 
is indicated by dotted line. Broken line shows 
weight of rabbits receiving diet containing 10 9 ^; 
casein and solid line weight of rabbits fed diet 
containing 10% casein plus 3.43% urea. 

readiiy seen the group receiving 20^^ casein 
was the only group that made satisfactory 
gains. The groups receiving either the 10% 
casein alone or 10^ casein plus 3.43% urea 
both lost weight. Since the rabbits receiving 
urea as a supplement to a low protein diet 
made no more gain than those on 10% of 
casein it is apparent that there is no signifi- 
cant synthesis of protein by microorganisms 
in the gastrointestinal tract of the rabbit. 

At the end of the 3rd week 3 rabbits in 
each of the groups on the low protein diets 
showed some eye lesions. The main symptom 
was a conjunctivitis. A viscid conjunctival 
secretion was present and the lids A>ere stuck 
together. Usually these symptoms became 
noticeable in botii eyes at the same time. 
Oral administration of A and D oil for a 
period of one week relieved the animals of 
these early symptoms of vitamin A deficiency 
but when the administration was stopped the 
symptoms reappeared in one week. Again 
the A and U oil was administered for i week 
and the symptoms disappeared but they reap- 
peared as soon as the administration of the 


A and D oil was discontinued on the 7th week, 
^^one of the rabbits on the diet containing 
.J% casein showed vitamin A deficiency 
symptoms. Since, the administration of llie 
extra vitamin A did* not influence the growth 
of the rabbits it ma}' be assumed that die 
failure of the rabbits on the low protein diets 
to grow was due to a deficiency of protein 
per sc. The fact that a vitamin A denciency 
occurred with the rabbits fed low protein 
diets is very significant and suggests an inter- 
relationship in tlie diet between proteins and 
fat soluble factors. This may be related to 
the preservation of vitamin A. 

Although no carefully controlled experi- 
ments have been reported on vitamin .*\ de- 
ficiency produced by the partial replace- 
ment of protein concentrates by urea, some 
contradictory evidence exists in the literature 
with regards to the effect of adding urea to 
silage. While Cullison'^ has reported an in- 
creased content of carotene in silage which had 
received urea supplementation, Wise, et elP 
found losses of carotene in silage that \vas 
fed with urea as a supplement. On the odier 
hand, Woodward and Shepherd^” have found 
no appreciable differences in the carotene con- 
tent of silage containing urea and silage not 
containing urea. 

Destruction of vitamin A can not be at- 
tributed to the addition of urea to the diet 
low in protein, because, although the rabbits 
fed this diet developed vitamin A deficiency 
symptoms, similar symptoms were shown by 
the rabbits fed the low protein diet that did 
not contain urea. The ill effects are therefore 
attributable to the lower protein level in (he 
diet. Since it is very doubtful that the lower 
protein intake interferes with the absorption 
of fat-soIuble factors, the mechanism by which 
the additional protein produces its beneficial 
effects is probably related to the synergistic ef- 
fect of the amino acids in the stabilisation of 
the fat. Clausen, Lundberg and Burr” have 

A. K., J«im. Set., 19 H, ii, 59. 

« G, H., .1. H.. La .Mastt'r, J. f*. 

aud RoiK'riok, D. B., J, ScL, 10 i t, 27. OiO, 

n>\Vooa»'afd. T, E., J. B.. J. 

Biiin/ Sci., 1944, 27, CIS. 

n Clausen, D. F., Lundberg, \\\ O., an»l Burr. 

G. O., J. Am, Oil Chtm, .Sor*,, 1947, 2^1, 103. 
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shown that by the addition of adequate 
amino acid synergists the effectiveness of 
natural anti-oxidants, which are present in the 
fats in appreciable quantities, may be greatly 
increased. This stabilization of the fat may 
be an important factor in reducing vitamin A 
and carotene destruction. 

Summary, The addition of urea to a diet 
low in protein did not increase the rate of 
gain of rabbits. From the data it is apparent 
that this species cannot use urea in the diet 


as a replacement of part of the protein. Rab- 
bits fed diets containing 10% of casein as 
the sole source of protein or 10% casein plus 
3.43% urea developed typical vitamin A de- 
ficiency symptoms as compared with the con- 
trol group fed a diet similar except that it 
contained 20% of casein. The results suggest 
that protein has a protective action on the 
oxidation of vitamin A in the diets or that it 
has a sparing action on the vitamin A re- 
quirements of the rabbit. 
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Pantothenic Acid and the Metabolism of Amino Acids by Bacteria.^ 

R. C. Kersey and J. R. Porter. 

From the Department of Bacieriology^ College of Medicine^ State V niveraity of loita, Iowa 

City, Iowa. 


Dorfman, Berkman and Koser,^ and Hills- 
first observed that pantothenic acid functions 
in the pyruvic acid metabolism of Proteus 
morganii. !More recently, Lipmann, ct 
and Novelli and Lipmann^ have found that 
pantothenate is a part of a coenzyme which is 
concerned with an acetylation system in tis- 
sues and with the breakdown of pyruvate to 
acetate and other products. They isolated this 
coenzyme, which they termed “coenzyme A”, 
and were able to recover pantothenic acid 
from it. They also found that the amount 
of pantothenate bound in the cells closely cor- 
related wdth the increased stimulation of 
pyruvate oxidation, and devised a method for 
the assay of coenzyme A/* 

* This study was supported in part by a grant 
from the Williams- Waterman Fund for the com- 
bat of dietary diseases. CVrtain of the vitamins 
and amino acids were kindly supplied by Merck 
vk f o. 

» Dorfman, .V,, Berkman, S., and Koser, S. A., 

liiol. Chenu, 104*J, 114, 393. 

- Hills, G, !M., lUochem. J., UU3, BT, 41 S. 

•I Lipmann, F., Kaplan, N, O., Novelli, G. I)., 
Tuttle. L. C., ami Uuirard, B. M., J. Biol, C/icm., 
1947, 107, SU9. 

■* Novelli, G. D., and Lipmann, F., Arch, Bio- 
Wiria., 1947, 11, 23. 


The present study was undertaken to de- 
termine if pantothenic acid has any effect on 
the metabolism of amino acids or other related 
compounds by bacteria. 

Technic, The chemically-defined medium 
employed in this study for growing the bac- 
teria has already been described. The organ- 
ism used was Proteus morganii. Pantothenate 
deficient cells were prepared as follows: A 
small amount of growth was removed from 
a 6-hour agar slant culture by means of a 
sterile needle and cultured in 10 ml of a 
chemically-defined medium for 24 hours at 
37 °C. One ml of this culture was then used 
to inoculate larger quantities of the same 
basal medium containing in this case only 
0.01 /xg of Ca-pantothenate per ml. The 
“pantothenate-deficient” cells from 4 liters of 
a 24-hour culture were then harvested by 
means of a Sharpies centrifuge, and washed 
twice with 50 ml of sterile saline by the 
ordinary centrifuge technics. From this 
quantity of medium it was possible to obtain 
yields of cells ranging in dry weight from 150 

’» Kapl.an, N. O., and Lipmann, F., ,/. Biol. 
Chem., 1948, 174, 37. 

M, J., Jr., and Porter, J. IL, ,L Biol. 
Clurn.. 1941, ino, 111. 
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TABLE L 

Effect of PpntotiiemUo on Ammonia Liberation and on Oxiilation of Amino AcUla l»y Prntcit.< 

tiuinfaiiH. 



NH:^ prod need 

pci O^uiHuke 


iu 90 min.* 

in 90 min.* 


Without 

With 

Without With 

Amino aej(] 

pantothenate 

pantothenate 

pantothenate pantotlionat*' 


Glychie 

fll-Alaniiie 

ill Valine 

dl-TUreonim.' 

dbPlieuyi.'ihiiuiie 

dbMetliioninc 

dl-Isaleut'ine 

dl'CitrulUne 

I'Tryptopbane 

LProUuo 

tll'Norlcuehie 

ai-Lysine. IICI 

3-Histidine, HOI 

L Cystine 

d- Arginine, HCl 

dl'Tyrosine 

dl-Serme 

dl'Nor valine 

1-Hydroxy proline 

dl-GIutamic acid 

di'Aspartic acid 

dl'Leucine 


3-0 of XHa and 10-35 0.^. 

to 200 mg. After the final was „ 
centrifugation the cells were resuspended in 
saline to give a final concentration of 10 mg 
of cells per nil. The substrates employed in 
this study consisted of the 22 amino acids 
and certain organic acids shown in the tables. 
These compounds were all prepared in con- 
centrated aqueous solutions, and used as 
iM/4S0 final concentrations. 

For the deamination studies the micro- 
diffusion method of Conway' was emplojed, 
and the ammonia determinations were made 
as follows: The substrates (amino acids) 
plus pantothenate were added to the outside 
welt of the diffusion cell, together with phos- 
phate buffer (pH S.O) and a 5 mg .mspe^ion 
of bacteria, to give a final quantity of 1.3 
ml One ml of X.T50 HCl, containing an 
indicator, was placed in the' center cup of the 
diffusion cell. Following an incubation period 
of 90 minutes at 37^C. 1 ml ot saturated 
K.>CO;i solution was added to the outside weH 

Convvav, .1/' 'I""'-'- 

AVoir, 11)40. U. V;.» Xo-tra.»l < 

Xew York. 


10 

12 

3 

5 

13 

28 

7 

10 

7 

30 

Oil 

20 

30 

43 


17 

5 

8 

0 

5 

14 

14 

0 

0 

13 

20 

25 

29 

0 

o 

13 

15 

4 

0 

0 

0 

5 

5 

3 

5 

20 

25 

0 

13 

o 

4 

0 

8 

4 

0) 

0 

5 

13 

15 

15 

25 

5 

8 

33 

39 

8 

34 

8 

10 

74 

70 

S5 

94 

27 

35 

13 

14 

0 

0 

0 

4 

20 

4S 

23 

172 

10 

30 

12 

51) 

30 

38 

12 

13 

ni nations 

; all data 

corrected for controls 

which were 

f and 

to release 

the ammonia, and 

the units were 


again incubated for one hour. The acid 
in the center cup was then titrated with X/75 
XaOH, and the amount of ammonia liberated 
from the amino acids calculated. 

For the respiration studies, standard mano- 
metric methods were employed. The sub* 
strates were added so as to give 450 hnal 
concentrations: 0.1 ml of .X iO HCl was 
placed in the side bulb to absorb any ammonia 
given off bv the I-O ml bacterial cell suspen* 
sions: and'o.3 ml of a KOH soUitkm 

was placed in the center well of the Warburg 
vessels. In every case the final volume of 
the vessels was brought to 3.0 ml with phos* 
phare buffer (pH 7,3). The llasks were theu 
ec]uiHbrated for 10 minutes in the water bath 
before readings were started. 

Hxpcrbncntnl cud resides, hrom the data 
in Table I it will be seen that scriac wa> the 
most readily deaminated amino acid, flow- 
ever, since this reaction was not stimulated 
by pantothenate it does not appear to^ be 
involved in the process. A/anine, clirconirie. 
norleucine, norvaline, glutamic acid, n^spartic 
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add, and leucine were also deaminated in 
varying degrees, and in certain of these cases 
the presence of pantothenate appeared to 
stimulate the process. This was especially 
true in the case of glutamic and aspartic acids. 
Few of the other amino acids were attacked 
by this organism, nor did the presence of 
pantothenate stimulate ammonia liberation. 

Since it is generally accepted that deamina- 
tion is one of the first steps in the breakdown 
of amino acids, especially at the pH values 
where the above experiments were conducted, 
an attempt was made to determine the role 
played by pantothenate in the metabolism of 
certain of these substances. It was found 
after a few preliminary experiments that the 
respiration of “pantothenate-deficient” ceils 
of Proteus vjorgauii, using amino acids as 
substrates, showed a definite lag phase dur- 
ing the first half hour or so of the experiment. 
Since it has been reported by Mcllwain'' that 
a time factor is involved when deficient cells 
bind pantothenate, it was decided to divide 
the cell suspensions into two equal portions 
after the final washing, and add 1.0 (zg per 
ml of pantothenate to one portion of the cells. 
When the cells were treated in this manner, 
followed by incubation at 37 C tor about 2 
hours, little or no lag was noted in their 
early respiration period. 

From the oxygen uptake values (Table 
I) it will be seen that serine gave the 
highest values for deficient cells and like- 

TAliLK lb 

uf 0 » OxilUltUMl <lf (rllltnilUl* 

Ai'iU, Aspartic Acitl, uiul Thvir Mctalxilic lutt'r- 
s. 

Om uptako in ‘.*U ui;n/ 



Without 

With 



paiUotiu'uati* 


eu 

170 

*x Kotogluturutu 

in 

U.'l 

Sucfinato 

44 

ma 

Kuiii;ir;ito 

m 



ea 


l*y nu at 0 

au 

04 

.Xspartic aoul 

1.*) 

.*55 

* ,\vt'TUilO l alUr.^ 

I for 4 drlvnijinationj^j ail Uata 


corrtcJcil for ««omr<>Is ukich gavf o lo Cb up 


^ McI twain. U,, in, III), UTU, 



EfTcet of jjantotheualo on oxidation of ghttautie 
acid, advctogUitarati*, and pyruvate. 

wise quite high values for non-deficient 
cells. As in the case of the deamination 
studies, however, pantothenate did not stim- 
ulate the oxidation of serine. On the other 
hand, when such amino acids as threonine, 
norleucine, cystine, and especially glutamic 
and aspartic acids were used as substrates, 
pantothenate did stimulate their oxidation in 
varying degrees. The fact that the oxida- 
tion of these amino acids is stimulated by 
pantothenate would seem to indicate that 
pyruvate, which is known to be stimulated, is 
the key intermediate in their metabolism. 
With this In mind glutamic acid and aspartic 
acid were chosen as representative amino acids 
for further metabolic studies. In these ex- 
periments glutamic acid and aspartic acid were 
studied together with their known, or pos- 
tulated, intermediates in an attempt to dis- 
cover at which point, or points, in their me- 
tabolism pantothenic acid functions. The in- 
termediates studied were u-ketoglutarate, suc- 
cinate, fumarate, o.xalacelate and pyruvate, 
and these were kept on an equal molar basis 
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TABLE I, 

Effect- of X^entotlieuate on Anunonia Liberation and on Oxidation of Amino Acids by /bofew* 

morf/nitii. 


LTiyptopbane 
i-Proline 
dl-X^orleueiue 
dl-Lysine. HCl 
J'Histkline. HCI 
LCystine 
tl'Arguune. XiCl 
db Tyrosine 
dl-Serine 
dl'Xorvaliiie 
1 - 11 yd roxypro line 
dl'Glutamic acid 
dl' Aspartic acid 
di'Leneine 


Amino JU'id 

fig produced 

in 99 min.* 

O^-uptake 
in 90 min.* 

Without 

pantothenate 

With 

pantothenate 

Without 

pantothenate 

With 

pautntheuate 

Glycine 

10 

12 

3 

5 

nbAlaiiiiie 

13 

2;i 

7 

10 

(11 Valine 

7 

U 

»)•> 

20 

dl-Threcinine 

31) 

43 

8 

17 

(U-Plien 3 ’lalauiiie 

0 

8 

0 

5 

dl-Metliionine 

14 

14 

0 

0 

(IMsotoueiiie 

13 

20 

25 

29 

dl-Citrulline 

0 

o 

13 

15 


•1 

4 
13 

5 
S 

74 

27 

0 

20 

IG 

30 


"o 

4 
(i 

la 

5 
34 
79 
;Jo 

0 

4S 

30 

38 


0 

li 

u 

li 

0 

la 

13 

S 

Sa 

13 

(> 

23 

12 

12 


33 

S 

a 

25 

19 

10 

94 

14 

4 

172 

50 

13 


* Average values for several determinations; 
3-0 fig of XH:{ and 10A5 fil 


all data corrected for controls wliicli were 


to 200 mg. After the final washing and 
centrifugation the cells were resuspended in 
saline to give a final concentration of 10 mg 
of cells per ml. The substrates employed in 
this study consisted of the 22 amino acids 
and certain organic acids shown in the tables. 
These compounds were all prepared in con- 
centrated aqueous solutions, and used as 
211/450 final concentrations. 

For the deamination studies the micro- 
diffusion method of Conway' was employed, 
and the ammonia determinations were made 
as follows: The substrates (amino acids) 
plus pantothenate were added to the outside 
well of the diffusion cell, together with phos- 
phate buffer (pH S.O) and a 5 mg Mispension 
of bacteria, to give a final quantity of i.a 
ml. One ml of X, 150 HCl, containing an 
indicator, was placed in the center cup of the 
diffusion cell. Following an incubation period 
of 90 minutes at 37 »C. 1 ml of saturated 
K.,COi, solution was added to thejmts^^de well 

7 Conwny, E. 

rohinittru' Knot, 

Xtnv Vork. 


J., MirrO’difJuMon Mtthtoh and 
1949. 1). V;j» Nuwtrand Fo., 


to release the amnionla, and the units were 
again incubated for one hour. The acid 
in the center cup was then titrated with X/75 
NaOH, and the amount of ammonia liberated 
from the amino acids calculated. 

For the respiration studies, standard mano- 
metric methods were employed. The sub- 
strates were added so as to give M 450 hnal 
concentrations; 0.1 ml of X 10 HCI was 
placed in the side bulb to absorb any ammonia 
given ofi bv Uie 1 .0 ml bacterial cell iU:>peii* 
sions; and 0.3 ml of a 20^c KOH solution 
was placed in the center well of the Warburg 
vessels. In every case the final volume of 
the vessels was brought to 3.0 ml with phos- 
phate buffer (pH 7.3). The llasks were then 
ecjuihbrated for 10 minutes in the water bath 
before readings were .started. 

Kxpcnniefital cud results. From the data 
in Table I it will be seen that serine was iJie 
most readily deaminaied amino acid. JhiW- 
ever, since this reaction u»is not stmiulated 
by pantothenate it does not appear to be 
involved in the process. Alanine, threonine, 
norleucine, norvaline, glutamic acid, a.pariic 
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mine the effect of 12 cm electromagnetic radia- 
tions of testicular tissue. In addition, 
attempts were made to confirm the results of 
previous investigators relative to the effects 
of infra red irradiations on testes. 

Procedure, Male albino rats of the Sprague- 
Dawley strain, ranging in age from 120 to 
200 days were employed in this study. In 
preparation for irradiation the animals were 
anesthetized with ether and the scrotum swab- 
bed with 95% alcohol. Each animal was 
then arranged on a platform behind a copper 
shield, and the scrotum was inserted through 
an opening provided in the shield. Thus, the 
remainder of the animal was protected from 
the radiations. An iron-constantan thermo- 
couple needle, of the type described by Tuttle 
and Janney,^ was then inserted into the center 
of one of the testes. This served to register 
the degree of temperature produced. The 
thermocouple had been calibrated previously 
with a Bureau of Standards thermometer. 
Thermocouple potentials were measured by a 
Leeds and Northrup potentiometer. Tem- 
peratures were read to the nearest tenth of a 
degree centigrade. The temperature of the 
testes was allowed to fall to approximately 
before the irradiations were started. Be- 
cause of possible damage to the testes result- 
ing from thermocouple needle puncture, one 
testis was employed for temperature measure- 
ments and the contralateral testis was used to 
study the histologic effects of the radiation. 
Care was taken to align both testes at an 
equal distance from the source of radiation. 
In preliminary experiments it was found that 
if these precautions were taken the tempera- 
ture rise due to the radiations was the same 
in both testes. 

A Raytheon Microlherm generator (model 
C:^ID4) which produced a wave length of ap- 
proximately 12 cm was used to apply the high 
frequency radiations. A variac was provided 
by means of wl)ich the t>ower output was 
regulated. The corner 4q>e reflector was 
used. The infra-red source rated at 600 watts 
wiis of the non-luminous type, and a 9-inch 
hemispherical reflector was employed. In all 

^TutUe, \Y. \Y., amt Jauney, C'. 1)., 

VM % 21>, 4 U >. 


cases irradiation was applied to the testis 
through the scrotum. 

Two series of experiments were performed 
with 12 cm electromagnetic waves. In the 
first of these series the procedure consisted 
of elevating the testicular temperature to 
levels of 47, 46, 45, 44, 43, 40, 37, 35, 34, 
33, 32, 31 and 30^6. For each temperature 
level 4 animals were used, and the testicular 
temperature was maintained at the selected 
temperature for a single period of 5 minutes. 
The temperature was maintained by vary- 
ing the power output of the microwave ma- 
chine. From each group of 4, an animal was 
sacrificed at 4, 8, 12 and 16 days following 
the exposure and the testes were prepared 
for histologic examination. 

In the second series of irradiations 2 groups 
of 10 animals were given single 15-mmute 
exposures at temperature levels of 33° and 
34 °C. A third group of 10 animals was 
exposed to 35° C for a period of 10 minutes. 
Ail animals were sacrificed for histologic 
studies 4 days following the exposures. The 
testes were fixed in Bouin’s solution and the 
sections stained in hematoxylin-eosin. 

Infra-red irradiation was used in two series 
of e.xperiments.^ In the first series testicular 
temperatures were raised by irradiation to 
levels of 33, 37, 40, and 43 °C for periods of 
5 minutes. Four animals were exposed at 
each temperature level and a histologic exam- 
ination of the testes was made at 4, 8, 12, and 
16 days after the exposures. The procedure 
in the second series of infra-red irradiations 
was to expose two groups of 10 animals to 
temperature levels of 38° and 40°C for 10 
minutes. Four days after exposure the ani- 
mals were sacrificed and the testes w^ere re- 
moved for histologic study. 

The testes of 12 normal non-irradiated 
males were employed as histologic controls. 

Results, The results of experiments with 
12 cm electromagnetic irradiations are listed 
in Table I. These results show that in all 
cases when the testicular temperature was 
raised to 35°C or higher there was evidence 
of testis tissue damage. At temperatures from 
3r to 35°C appro.ximately 50% of the testes 
showed signs of degenerative changes. The 
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with glutamic acid. The results of these 
studies are shown in Table II and Fig. 1. 
From these data it can be seen that panto- 
thenate stimulated respiration considerably 
when either a-ketoglutarate or glutamic acid 
was used as a substrate, but succinate, fum- 
arate, oxalacetate and aspartic acid were oxi- 
dized to lesser extent. It will be noted that 
the stimulation values for most of these sub- 
strates are in the same range as was observed 
with pyruvate. It was also possible to 
demonstrate pyruvate in the vessels after all 
of these substrates had been oxidized. Thus it 
can probably be assumed that pantothenate 
stimulation of certain amino acids and other 
substrates is due, in part at least, to their 
being converted to pyruvate which is in turn 
stimulated. However, the pantothenate stim- 
ulation observed when glutamic acid or a- 


ketoglutarate was used as substrate cannot 
be accounted for entirely as being due to 
pyruvate stimulation alone. Therefore it ap- 
pears that pantothenic acid also functions in 
some other way in the oxidation of these 
substrates. Since the values observed with 
glutamic acid were very close to those noted 
with a-ketoglutarate, it would seem to elimi- 
nate the possibility of pantothenic acid func- 
tioning in the deamination of glutamic acid. 

Summary. From this study is can be con- 
cluded that the pantothenate stimulation of 
amino acid oxidation by Proteus morganii is 
limited to those amino acids which can be 
converted to pyruvate. However, in the 
case of glutamic acid, and its metabolic inter- 
mediate a-ketoglutarate, the pantothenate 
stimulation appears to be more than can he 
attributed to pyruvate oxidation. 
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Testicular Degeneration as a Result of Microwave Irradiation. 


C. J. Imig, J. D. THOiisoN, AND H. Hines. 

Fro m ih e Depart mcnt of Ph ysio Jopy, S tatc U « t i*cr,s iiy of lo 


The mammalian scrotum has been estab- 
lished as being a local thermoregulator for the 
testes. ]Moore and QuickC found the scrotal 
temperature of white rats to be from 2^ to 
lower than the temperature of tiie ab- 
dominal cavity. A sub-abdominal tempera- 
ture in the scrotum has been shown to be 
necessary for the continuance of spermato- 
genesis. Moore“ confined the testes of guinea 
pigs in the abdominal cavity for varying 
periods of time and found that an abdominal 
retention of seven days resulted in a complete 
disorganization of the germinal epithelium of 
the seminiferous tubules. He considered the 
cause of this degeneration to be due to the 
higher temperature of the abdominal cavjt}'. 

Investigations of Moore** showed that testic- 

1924, «8, 70. 

Moore, C. K., Am, J, AnuU 1024, iU, 2o9. 

a Moore, C. R., Aui. J. AnaL, 1924. :54. 3:17. 


ular degeneration resulted from a single appli' 
cation of heat at approximately P’C above 
body temperature for a 15-minute period. 
The heating devices which were used consisted 
of hot water baths, electric stoves, electric 
light bulbs, and hot water pads. Testicular 
degeneration was visible histologically within 
four to six days following the heat application, 
and \vas entirely similar in type to that result- 
ing from early e.xperimental cryptorchidism. 

Fukui* e.xposed the scrotum of rabbits to 
sunlight and to \varm air, and found a definite 
relationship between the temperature and the 
time required to cause regressive changes in 
the germinal cells. The minimum scrotal 
temperature at which he was able to produce 
testicular damage was 40®C. The time of 
required exposure at this temperature w.'is 
more than one hundred hours. 

It was the purpose of this .study to deter- 

iFukui. N.i Japau 'sF. //or/</, 1923,7l, 27~ 
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mine the effect of 12 cm electromagnetic radia- 
tions of testicular tissue. In addition, 
attempts were made to confirm the results of 
previous investigators relative to the effects 
of infra red irradiations on testes. 

Procedure. Male albino rats of the Sprague- 
Dawley strain, ranging in age from 120 to 
200 days were employed in this study. In 
preparation for irradiation the animals were 
anesthetized with ether and the scrotum swab- 
bed with alcohol. Each animal was 

then arranged on a platform behind a copper 
shield, and the scrotum was inserted through 
an opening provided in the shield. Thus, the 
remainder of the animal was protected from 
the radiations. An iron-constantan thermo- 
couple needle, of the 1)^6 described by Tuttle 
and Janney/’ was then inserted into the center 
of one of the testes. This served to register 
the degree of temperature produced. The 
thermocouple had been calibrated previously 
with a Bureau of Standards thermometer. 
Thermocouple potentials were measured by a 
Leeds and Xorthrup potentiometer. Tem- 
peratures were read to the nearest tenth of a 
degree centigrade. The temperature of the 
testes was allowed to fall to approximately 
29 before the irradiations %s*ere started. Be- 
cause of possible damage to the testes result- 
ing from thermocouple needle puncture, one 
testis was employed for temperature measure- 
ments and the contralateral testis was used to 
study the histologic effects of the radiation. 
Care was taken to align both testes at an 
equal distance from the source of radiation. 
In preliminary experiments it was found that 
if these precautions were taken the tempera- 
ture rise due to the radiations was the same 
in both testes. 

A Raytheon Micro therm generator (model 
CMD4) which procluced a wave length of ap- 
proximately 1 2 cm was used to apply the high 
frequency radiations. .A variac w’as provided 
by means of which the power output was 
regulated. The corner t\pe redector was 
used. The infra-red source rated at 6CX) watts 
was of the non-Iuniinous type, and a 9-inch 
hemispherical refiector was employed. In all 

“'TuitUs \S’. ami 1)., Arch . 

ims, Ull, 4UC 


cases irradiation was applied to the testis 
through the scrotum. 

Two series of experiments were performed 
wdth 12 cm electromagnetic waves. In the 
first of these series the procedure consisted 
of elevating the testicular temperature to 
levels of 47, 46, 4o, 44, 4o, 40, 3/, 35, o4, 
33, 32, 31 and For each temperature 

level 4 animals w'ere used, and the testicular 
temperature was maintained at the selected 
temperature for a single period of 5 minutes. 
The temperature w'as maintained by vary- 
ing the power output of the microwave ma- 
chine. From each group of 4, an animal was 
sacrificed at 4, S, 12 and 16 days following 
the exposure and the testes were prepared 
for histologic examination. 

In the second series of irradiations 2 groups 
of 10 animals were given single 15-minute 
exposures at temperature levels of 33"* and 
34° C. .A third group of 10 animals was 
exposed to 35® C for a period of 10 minutes. 
All animals were sacrificed for histologic 
studies 4 days following the exposures. The 
testes were fi.xed in Bouin's solution and the 
sections stained in hematoxylin-eosin. 

Infra-red irradiation was used in two series 
of e.xperiments.^ In the first series testicular 
temperatures were raised by irradiation to 
levels of 33, 37, 40, and 43 for periods of 
5 minutes. Four animals were exposed at 
each temperature level and a histologic exam- 
ination of the testes ivas made at 4, 8, 12, and 
16 days after the exposures. The procedure 
in the second series of infra-red irradiations 
was to expose two groups of 10 animals to 
temperature levels of 38® and 40°C for 10 
minutes. Four days after exposure the ani- 
mals ^Yere sacrificed and the testes were re- 
moved for histologic study. 

The testes of 12 normal non-irradiated 
males were employed as histologic controls. 

Results. The results of e.xperiments with 
12 cm electromagnetic irradiations are listed 
in Table I. These results show that in all 
cases when the testicular temperature was 
raised to 35 or higher there was evidence 
of testis tissue damage. .At temperatures from 
3r to 35 'X appro.ximaiely SO^o of the testes 
showed signs of degenerative changes. The 



384 


Testicular Degeneration 


Xo. aniiiijils 
ex})ose(l 

_ 

4: 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


TABLE L 

Effect of 12 Cm Trnuliution on Maio GoiKub . 

Exposure Time of ~ 

temp. exposure * Animals witii 

^ »i»i. testieular flamago 


47 

40 

4o 

44 

43 

40 

37 

3^1 

33 

32 

31 

30 


o 

o 

5 


•) 

3 

3 


o 

.1 

3 

3 


4 

4 

4 

4 

4 

4 

4 

4 

*> 

1 

1 

0 


85 

10 

83 

10 

31 

10 


13 

I 

1 


3 35 13 

^ 34 13 

33 , 13 

•i 31 15 


3 

3 

0 

0 


^ Cy with 

testicular daijjjjjic 

\m 

lOi) 

100 

100 

10l> 

100 
lOtl ' 

m) 

30 

23 

23 

0 

100 

23 

23 

100 

43 

30 

0 


TABLE II. 

Effect of Infra Bed Irradiation on Male Gonads. 


Xo. animals 

Exposure 

Time of 



ttmip. 

exposure 

Animals Iiaving 

^ with 

exposoil 


min. 

testieular Uamage 

testieular ilanng? 

3 

43 

,3 

*y 

07 

4 

40 

5 

•1 

30 

4 

37 

5 

0 

n 

4 

33 

3 

0 

0 

8 

40 

10 

3 

3S 

10 

3S 

10 

0 

n 


testes of animals exposed to 30'"C were not 
affected. 

The results of experiments with infra red 
irradiation (Table II) show that testes from 
67% of the animals exposed to 43 'C were 
damaged. Testicular degeneration was not 
found in the experiments where the tempera- 
ture of the testes was maintained at 3S^C 
for 10 minutes infra reel. No damage wa.s 
found in the testes of control animals. 

A typical histological picture of testicular 
degeneration following exposure to electro- 
magnetic waves shows an area of degenera- 
tion along the side of the testis nearest to the 
source of radiation (area A, Fig.l). Con- 
tinuing from this area of degeneration to Uie 
opposite side of the testis, all gradations 
from completely degenerated to normal tub- 
ules can be found (areas B and C, hig. 1). 


Fig. 2 clearly shows the transition of degen- 
eration from area \ to area B of Fig. L 
These areas are well defined. A detailed 
picture of a degenerating tubule in area B 
is shown in Fig. 3. In area A, which w:is 
nearest to the source of radiation, complete 
coagulation of the tubules w;is found (area 
of Fig. 2). This area showed an absence 
of germ cell nuclear material, the cytoplaMii 
appearing much more refractile thaji normal 
cytoplasm. The li.^^ue resembled that -een 
in burn necrosis. In general the tubules in 
area B show sloughing of degenerating germ- 
inal elements into the lumen, muliinuclear 
masses termed ‘'giant cells*’ which af)parently 
consist of fused spermatid nuclei, and usually 
absence of spermatoiJoa (area B of Fig. 2 
and 3). Sertoli and inlerslilial cells apparently 
remain intact. Leucocytic infikration of the 
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tissue was evidenced by the presence in some 
cases of intertubular polymorphonuclear leu- 
cocytes, in the areas of degeneration. In area 
C of Fig. 1, the tubules were essentially nor- 
mal. 

Fig. 4 is a cross section through the center 
of a testis exposed for 10 minutes at 40'" C to 
infra red irradiations. Area A, the side most 
directly exposed, shows coagulation of the 
tubules, whereas the tubules in area B show 
varying degrees of degeneration. The tubules 
farthest from the source of radiation were 
normal. The general picture of the degen- 
erative changes was similar to that produced 
by microwave irradiation. 

Discussion, Testicular degeneration result- 
ing from exposures to microwaves and infra 
red irradiations presented a similar histologic 
appearance which was typical of the degen- 
eration seen in experimental cryptorchidism. 

The temperatures at which damage was 
noted from infra red irradiations were ap- 
proximately 3 to 5^*0 lower than those re- 
ported by Moore and Chase. These investi- 
gators placed the bulb of a thermometer close 
to the scrotum to register the degree of heat 
applied. With the needle thermocouple 
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a single irradiation witli infra ro<I at 40 C for lu 

minutes. (X 


method of temperature measurement used in 
the experiments reported here it was possible 
to register the temperature within the testes. 

Following electromagnetic irradiation tes- 
ticular degeneration was found at tempera- 
tures below those at which damage occurred 
from infra red irradiations. All of the testes 
which were elevated to a temperature level of 
3S^C and above with microwaves were found 
to contain degenerated tubules. 

The outcome of this e.xperiment dearly 
shows that testicular damage will result from 
12 cm irradiations at a temperature below 
that of the abdominal cavity and below that 
necessary to cause injury by infra red ex- 
posures. This finding suggests that damage 
may result in part from factors other than 
heat. However, it should be pointed out that 
measurements of temperature were made only 
near the center of the testes and the possibility 
exists that areas adjacent to the field of ir- 
radiation may have been subjected to temper- 
atures somewhat in excess of those recorded. 

These findings suggest that precautions 
should be taken by those working in the field 
of high frequency electromagnetic generators 
and to those giving treatments with micro- 
wave generators. Because of the unusual sus- 
ceptibility of testicular tissue to thermal 
agents, it seems desirable to shield these 
structures from high frequency electromag- 
netic waves during periods of treatment or ex- 
posure. 

Summary, A study was made concerning 
the effects of 12 cm electromagnetic waves 
and of infra red irradiations upon the testes 
of adult albino rats. A single ten-minute e.x- 
posure to microwaves at a temperature of 
35 as measured in the central areas of the 
testes caused testicular degeneration in all 
cases. In some e.xperiments testicular damage 
resulted from a single exposure at tempera- 
tures between 30'" and 35 *C. lesticular 
damage was not found in e.xperiments in 
which infra red irradiation was applied for 
10 minutes at 38X but was ob^Tved when 
applied at a temperature of 40'" C and above. 
The type of degeneration resulting from 
microwave exposure could not be distinguished 
from that produced by infra red. 
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Intravenous Infusions of a Combined Fat Emulsion into Dogs.^ 

B. G. P. Shafiroff, H. Baron, and E. Roth. 

From the UihoraUmj of FxpcrimenUil Surgery, Depariment of Surgery, Xac Vorl: University 

College of ZlciUcinc, 


The availability of an intravenous emul- 
sion of fat, protein and glucose for experi- 
mental and clinical investigation has opened 
new fields of study in parenteral nutrition.^ 

A combined emulsion such as developed in 
our laboratory was administered intraven- 
ously with equal facility to human patients- 
as well as to animals with a favorably low 
incidence of infusion reactions. The present 
report is devoted to observations made on a 
series of dog recipients of the combined 
emulsion. 

Method oj studw Nineteen dogs were 
divided into 3 groups: Group 1, seven dogs 
received single infusions of the combined 
emulsion in a variety of acute e.xperiments. 
Group II, six dogs were maintained on daily 
infusions of the emulsion and a standard 
kennel diet. Group HI. six dogs were car- 
ried exclusively on the intravenous emulsion 
as the sole nutritive source. 

Two types of combined emulsion were used, 
'fhe first type contained 5% coconut oil, 
5% amigen and 5% glucose solution emulsi- 
fied with a 6^0 special intravenous gelatin 
solution. The second t>T3e of combined 
emulsion contained \0% coconut oil with 
the remaining ingredients at the original 
concentrations. The caloric value of the S^o 
emulsion was 0.85 calories per ml, that of 
the 10% emulsion was 1.3 calories per ml. 
The emulsion was prepared in a special homo- 
genizer constructed to our specifications so 
that the entire process of blending and homo- 
genization could be carried out under sterile 
conditions and the resultant yield collected in 

* This jiroject was inaiK* poi^sibk* by 
from the Hen Lewis Fund in Exjterimental JSur- 
gery. 

I ShatirotT, B. G. i*., and Frank, C., SVicuc^’, 
1917, ICKl, 474. 

- UnjmbUshed, 


sterile bottles. The use of the autoclave as 
a final step in the procedure was obviated. 
The process of manufacture and a description 
of the homogenizing machine were described 
elsewhere in greater detail.^*- 

The following laboratory tests were made, 
the number of tests performed depending on 
the experiment; hemoglobin (Sahli), red 
blood cell count, white blood cell count, re- 
fractive index of plasma (Fischer refractom- 
eter), specific gravity of blood and plasma 
(Scudder apparatus) chyiomicra count, ^ total 
serum lipids and serum lipase.^ The weight 
of the animals was recorded at regular inter- 
vals. After the completion of an experiment 
the dog was sacrificed and selected tissues 
were stained with special fat dyes for micro- 
scopic study. 

Results, Group T. Three dogs were anesthe- 
tized with sodium pentobarbital, the femoral 
artery was cannulized and connected to a 
recording manometer. The blood pressure 
was continuously recorded throughout the in- 
fusion and for 2 hours thereafter. In all three 
of the dogs there was an elevation of 15 to 
18% in blood pressure above the initial level. 
This occurred after of the total amount 
of emulsion had been infused. In 2 dogs the 
thoracic duct was intubated with a Lindemann 
needle and samples of lymph were tapped at 
regular intervals. The flow of lymph in- 
creased about 22% during the infusion 
period. The specific gravity of the lymph 
and refractometric examinations showed little 
change indicative of the presence or appear- 
ance of the emulsion into the lymph circula- 
tion. In each of 2 dogs the effect of rapid 
and slow infusion of the emulsion was tested. 

3>^zer, A. C., and Htewurt, IL C., J. Physioi, 
1939, 05, 21. 

< Lagerluf, IL, Acta med, scandinai\, 1945 102 
407. 
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Fig. 1. 

SitlHin lliniu^h tlu‘ hinji *>f :i from Uroin> 
Ul ni:nnt:ruuMl nn the lOVr comijiiKHl 

fuinKinii tor n ^u'lUol of 14 tlovs. i'iie loii" is 
mii*voM*oi>icaUy uouual. 



F:g. 2. 

Nooitun tluouj^h tiio livor of tlu‘ >amo Liver 

'luiWN areas of foi- il aeeumulatitius of fat still to 
he iuetal)oU/.f<i. Tile liver aroUiteetUfe is normal. 

One (li»;4 received 500 ml of the emulsion 
wuhtn QO minutes, the other received an 
equal volume over a period of 300 minutes. 
Both do;4s tolerated the emulsion well. Plas- 
ma samjdes obtained during the rapid infu- 
sion were milky white in color and the emul- 
sion could be readily detected. On nephelo- 


metric examination there was a marked in- 
crease in the suspension concentration of such 
samples over that of the initial plasma sample. 
In the former samples a ‘'cream layer ^ was 
obtained on standing in a narrow tube or after 
high speed centrifugation. All plasma samples 
obtained during the slow infusion were clear 
in color and shoived little turbidity as deter- 
mined by the nephelometer. The rate of dis- 
appearance of the emulsion from the blood as 
determined by the total serum lipids and the 
chylomicra count differed from that of the 
physical disappearance of the emulsion from 
the plasma. Depending on the rate of infusion 
there was a progressive rise in the chylomicra 
count and the total serum lipids and within 
4 hours after completion of the injection both 
latter values returned to the level of their 
fasting stale in the blood. 

Group 11. Four dogs in this group received 
daily infusions of the 5% combined emulsion 
for a 30 day period. They were allowed in 
addition a standard kennel diet. Dog Xo. S 
was injected with 150 ml of the emulsion, 
dog Xo. 9 with 250 ml, dog Xo. 10 with 400 
ml and dog Xo. 1 1 with 500 ml of the emul- 
sion. The number of injected calories ranged 
from 127 to 425 calories daily. Dog Xo. S 
received a minimum of 225 g of injected fat 
while dog Xo. 11 received the maximum of 
750 g of fat during the study period. Two 
other dogs in this group Xo. 12 and Xo. 13 
were infused daily with 500 ml of the lO^c 
combined emulsion for a period of 14 days re- 
ceiving also a total of 750 g of fat. In the 
dogs infused with large amounts of fat there 
was a corresponding decrease in appetite for 
the kennel diet. On many occasions the 
dogs refused the kennel diet entirel}* and 
accepted water only which was taken in large 
quantities. The dogs were always alert and 
energetic and never offered resistance through- 
out the infusion phase. During the injection 
there was^a marked elevation in the chylomicra 
count in the blood followed by a fall to the 
pre-infusion level within four hours of comple- 
tion of the infusion. Lipase activity determin- 
ations run concurrently with the latter re- 
vealed a significant increase in enzymatic 
activity in the blood. Red blood counts and 
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Gjuph I. 

Typienl grfiph of tlie chyloniiera county iieiuogbVui» lipase activity :nul 
hematocrit obtained in Dog No. 18 (Group III) ou the 10th study day during 
the infusion and postdnfusion phases of an injection of 500 ml of the 10% 
combined emulsion, 

hemoglobin determinations made at regular for a short period thereafter. Lipase activity 
intervals during the 30 day period showed no increased in the blood during the infusion, 
signs of hemolytic anemia. The weight gain The specific gravity of the blood and the 
in the animals varied from 0.8 kg to 1.6 kg. plasma proteins stayed approximately sta- 
The largest weight gain occurred in dogs No. tionary during the experimental period. Hemo- 
8 and No, 9 who received the smallest volume globin determinations and the red cell counts 
of emulsion and ate more of the kennel diet showed little variations from the original and 
than the others of the group. Examination of secondary anemia did not develop- In this 
the tissues revealed the liver cells to contain group dogs No. 14, 17 and 18 lost one-half 
intra-cellular fat with an occasional focal ag- to one kilogram in weight while dogs No, J5, 
gregation of lymphocytes. No true granule- 16 and 19 maintained their original weight 
mata were observed in the lung tissue. The with slight variations. Tissue studies in this 
architecture of the kidney and spleen was group were also negative, 
normal. Comments, The utilization of intravenous 

Group III. All the clogs of this group were lat emulsion for growth and energy has been 
maintained c-xclusively on daily infusions of effectively proved in dogs by many workers.®-'’ 
500 ml of the lOfo combined emulsion for a The present e.\periments have demonstrated 
period of 14 days. The total amount of fat that the combined emulsion containing 5 or 

injected was 750 g. The dogs were allowed 10% lat may be used intravenously both as 

water ad libitum, . received orally multiple a supp lement to diet or as the sole source of 

high potency vitamins and were rewarded sMcKibbin, J. M., Ferry, K. M., an.l Stan-, 

after each infusion with 2 rye-krisp biscuits. F, J,, etta. /arrac., isfe, 

Chylomicra counts showed the characteristic « .AtcKibbin, J. M., Ilt-gstcd, D. M., .anJ Stare, 

tendency to increase during the infusion and f. J., i-vA Free., a, 9. 
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provision of the minimal daily requirements 
of the animal. Although mild to serious ane- 
mias have been reported to develop as a re- 
sult of the infusions of the fat emulsions'^’® 
the latter complication failed to occur in the 
present investigation. This is believed to 
be due to the fact that phosphatide stabilizers 
were not used in the preparation of our emul- 
sion. The disappearance of fat from the 
circulating blood determined either by the 
chylomicra count or by total serum lipids 
was interpreted to indicate that lipolysis 
commenced in the blood, the process being 
initiated by serum pancreatic lipase. Evidence 
to support the latter view was based on the 
increase of lipase activity of the blood and 
substantiated further by the report of Meng 
and Freeman^ that the fatty acids increased 
during the infusion of a fat emulsion. The 
assimilation of preformed fat infused intra- 
venously may therefore be conceived as a 
possible biochemical function whereby the 


' Johnson, V.. Longini, J., anti Freeman, L. W., 
ScicJXcCf 1943, 07, 400. 

3 Dunham, L. J., and Brunschwig, A., Arch, 
Surff., 1944, 48, 395. 

Meng, H. C., and Freeman, S.. J. Lab, and 
CUn, Med,, 1948, 33, GS9. 


neutral fat ultimately reached the liver for 
catabolism. An analysis of the slides re- 
vealed that in the acute experiments after an 
infusion all the organs were richly laden with 
fat. In the lung the fat did not permeate 
into the alveolar spaces but was contained in 
the capillaries. In the chronic experiments 
of Group II and Group III, the liver and 
the spleen were the only organs which con- 
tained evidences of fat. 

Summary, (1) A combined emulsion of 
fat protein and glucose was infused intra- 
venously in a series of 19 dogs. 

(2) . Toxic reactions such as secondaiy 
anemia and degenerative pathology in vital 
organs failed to develop after prolonged in- 
jeciions of the combined emulsion. 

(3) . An attempt was made to correlate 

the associated laboratory tests with the bio- 
chemical functions of hydrolysis and assimila- 
tion of fat. t 

The authors ^Yish to aekiiowlodge the helpful 
advice of Professors Mulhollaud and Co Tui. 
The authors are indebted to the E. F. Drew Co., 
to the Mead Johnson Co., and to the C. F. Knox 
Co. for generous supplies of material used for the 
preparation of the emulsion. The homogenizer 
was made by the C. XV. Dogeman Co,, New York 
City. 


16731 

Effect of Alloxan Diabetes on Hyaluronidase Level of the Rat Testis.* 
Maxine Moore. (Introduced by S. L. Leonard.) 


From the Department of Zoology , 

.\Uhough hyaluronidase, an enzyme ob- 
tained from mammalian sperm and testes, 
can disperse follicle cells of ovulated mam- 
malian ova, a normal role of this enzyme in 

• Aidcti by a gmut from the Pago Fund of the 
Cornell University Trustee-Faculty Committee on 
Research, administered by Dr, S. L, I.amard. 

I auing, M. C., Vnoc, Soo. Exr. Biol. .vsi) Med., 
1947, 00. 51, 

-Leonard, 8. L., Perlman. P, K, ami Kurzrok. 
U., Puoc. Soc. Exp. Biol, and Med.. 1947, 00. 517. 


Cornell Ithaca^ X. T. 

reproduction remains to be established.'*- 
In line with the main problem of determining 
this role it was desired to learn if a physio- 
logical disturbance of the metabolism of the 
animal, without the destruction of the germ- 
inal elements, could alter the level of hyalur- 
onidase within the testis. Experimental dia- 
betes, therefore, w^as induced in male rats 
and after one month the amount of hyaluroni- 
dase was measured in the control and diabetic 
rat testes. 
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TABLE r. 


Hyaluronidase Coneentratian in Xorni;il ;md Binbutic Bat Testis. (Turbulimetric Method). 


Normal 

Diabetic 

Signiljcant'c of 
Diff. of means 

Testes No. of rats 

TRir/g*' 

Xo. of rat.s 

TBU/g ’ 

Chilled, homogenate 10 

lO.l ± l.ot 

10 

10.4 2.8 

P .99 

Incubated, boinogv.»nate 9 

46,0 6.6 

9 

52.2^:17.4 

P 1= .75 

-f- Sem, ves. incubated 5 

08.1 ± 3.8 

5 

08.6 :t 4,3 

P ^ .90 

* TRU: turbidity reducing unit, 
f Stand;! rd deviation. 

Hyaluronidase Concentration in 

TABLE II. 

Normal and Diabetic Rat Testes. (Rat'Ov;t Test). 

Nonua 1 

Diabetic 



Time to 


Time to 


Xo. of 

denude ova 

Xo. of 

denude ova 

Sigijilicanceof 

Testes r;!ts 

(min) 

rats 

(min) 

Diff. of means 

Chilled, homogcjiate o 

4G-+- 8.2^^ 

5 

GO rt 15.2 . 

P=:.30 

Incubated, homogenate 5 

30 ± 14.0 

5 

24 ± 12.7 

P=:.75 

4- Sem. ves. incubated 5 

35 9.3 

5 

40 ± 10,8 

P .Go 


* Standartl deviation. 


Methods, Adult male rats were made 
diabetic by injecting alloxan intraperi- 
toneally (175 mg/kg body weight). Qualita- 
tive determinations for glycosuria in the al- 
loxan treated rats were made. In some cases 
quantitative blood sugar determinations® 
were performed because it was thought that 
hyaluronidase concentration might vary mth 
the degree of hyperglycemia. Body weights 
were obtained before and after alloxan ad- 
ministration; after 30 days the testes of each 
rat were removed and assayed for hyaluroni- 
dase. 

One of the two assay procedures used was 
the turbidimetric method as previously de- 
scribed for chilled testis homogenates." Since 
it has been reported that incubation of the 
testis homogenate increases the yield of the 
enzyme/’ a series of e.xperiments was per- 
formed with the additional step of incubation. 
The amount of enzyme is reported iis “Tur- 
bidity reducing units*’ (T.R.U.). The other 
assay procedure, the rat-ova test, Nvas iriodi- 

J. Chcm.. lOUS, 05. 31)3. 

4 Eoomird, S. L., P. L. and Kurzrok, 

IJ:, HhilocrinolofjUf lU-tO, itO, 201, 

3 IVrImau, P. L.. la'on.ard, S. L., :inO Kurxruk, 
R , Emlocrinoh>Oiff 191S, 43, 20. 

OUKJiKira, S. L.. anrl Kur^rok, It., EiulocrinoU 

OtVJ* 


fied from the original procedure*" in that 
comparisons were made of the time required 
for denudation of rat ova of their follicle cells. 
Saline extracts of testes from normal and 
diabetic rats were prepared in concentrations 
which were the same for both the experi- 
mental and control testes in each assay. 

An additional test was included in this 
study. Comparisons were made in the yields 
of enzyme produced in the experimental and 
control groups when macerated seminal vesi- 
cles were mixed with the testis homogenates 
before extracting. It was shown that in- 
creased yields of enzyme could be obtained 
when the seminal vesicles were added." 

Results. The hyaluronidase concentration 
of the testes of normal and diabetic rats are 
presented in Tables I and IT. In no c;Lse 
ivas the enzyme concentration in the testes 
of the experimental and control rats signih- 
canlly different. When the testis homogenate 
was incubated before extraction an increase 
in enzyme concentration was obtained in both 
groups. In the rat ova lest, the amount of 
extract /n gram-equivalents of testis material 
was purposely lowered when the testis homo- 
genate was incubated, otherwise the reaction 
would have pnKceded so rapidly that an ac- 

7 Li'Oii.'ifd, S. L, iVrliijaii. P. L.. .aiU Kut^rok, 
K., iCiuIot'fitiolofjUs VJ't7^ 40, llJik 
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curate comparison of the time of denudation 
of the ova would be impossible. With the 
chilled testis homogenates equivalents of .05 g 
of tissue were employed and with the incu- 
bated testes .01 g of tissue. 

In the experiments where the seminal 
vesicle material augmented the yield of hya- 
iuronidase no significant difference was ob- 
served between the amount of enzyme 
obtained from normal and diabetic animals 
(Tables I and II). The amount of enzyme 
present in the seminal vesicle was practically 
negligible. In the rat-ova test .005 g of 
tissue equivalent were required to denude the 
ova in the time indicated. 

Although the diabetic rats exhibited hyper- 
glycemia during the period of the experiments 
no correlation was observed between blood 
sugar levels and the enzyme concentrations of 
the testes. No histological changes were 
observed in the testes of the experimental 
rats, and there was no altered breeding per- 


formance as measured by the size of the litters 
sired. 

In contrast to these results destruction of 
the germinal epithelium by hypophysectomy 
or cr 3 rptorchidism is followed by a marked 
decrease in ryaluronidase levels,^ Whether 
the enz 3 me level of the germinal cells of the 
testes can be altered by physiological changes 
which do not destroy these germ cells remains 
to be sho^vn. 

S2un7}iary. 1. Alloxan diabetes in the 
male rat had no effect on the hyaluronidase 
concentration of the testes, 

2. Augmentation of the yield, of extract- 
able hyaluronidase from testis homogenates 
by seminal vesicle homogenates was con- 
firmed. No difference in augmentation was 
noted between the normal and diabetic rat 
testes. 

» Leonard, S. L., Perlman, P. L.. and Kurzruk, 
R., Emiocruxologij, 1048, 42, 17U. 
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TABLE I, 


Hyaluronjdaae Concontratioii in Normal nnd Diabetic Bat Testb. (Turbidhuetric Metliud ) . 



Normal 

Diabetic 

Signiiicance of 
DifT. of lueaiw 

< 

Testes No. oi rats 

TRlT/g*' 

No. of rats 

TRWg ' 

Chilled, liomogeiiate 

10 

10.1 1.51 

10 

10.4 -4- 2.8 

P =r .90 

Incubated, honipgenate 

9 

16.6 6.6 

0 

52.2±17.4 

P .75 

Scm. vcs. incubated 

5 

G8.1 It 3.8 

5 

CS.C ± 4.3 

P = .90 

* TBIT : turbidity reducing unit. 





f Standard deviation. 








TABLE II. 



Hyaluronidase Concentration in 

Normal and Diabetic* Bat Testes. (Bat*Ova Test). 


Normal 

Diabetic 




Time to 

— — 

Time to 



No. of 

denude ova 

No. of 

denude ova 

Sigiiiticaiice of 

Testes 

rats 

(min) 

rats 

(min) 

Diff. of means 

Chilled, homogenate 

0 

46 rt 8.2^ 

5 

66 ± 15.2 

V = .30 

Incubated, homogenate 

5 

30 ± 14.G 

5 

24 ± 12.7 

P = .75 

4- Sem, ves, incubated 

5 

33:4: 9.3 

5 

46 ± 10.8 

P .6o 


* Standard deviatian. 


Methods, Adult male rats were made 
diabetic by injecting alloxan intraperi- 
toneally (175 mg/kg body weight). Qualita-^ 
live determinations for glycosuria in the al- 
loxan treated rats were made. In some cases 
quantitative blood sugar determinations^ 
were performed because it was thought that 
hyaluronidase concentration might vaty with 
the degree of hyperglycemia. Body weights 
'were obtained before and after alloxan ad- 
ministration; after 30 days the testes of each 
rat were removed and assayed for hyaluroni- 
dase. 


One of the two assay procedures^ used was 
the turbidimetric method as previously de- 
scribed for chilled testis homogenatp.^ Since 
it has been reported that incubation of the 
testis homogenate increases the yield of the 
enayme,’* a series of experiments was per- 
formed with the additional step of incuba^on. 
The amount of enzyme is reported ^ *‘Tur- 
bidity reducing units" (T.R.U.). The other 
assay procedure, the rat-ova test, was modi- 


•'J .Sumner, «T. B-» 
■i iKiuimrd, S. h. 


Jlioi. Clicm., 

IVrlmiin, P. h., Kurzrnk, 


E., Kiulocrhwlog’/, itO, 201. 

5 iVrlmaii, P. L- S- I. 

K., Knilocriiiotoi/!/, 1'J-l.S. -1-, -0. 
oU-onara. S. h.. nwl Kurzrok. 

inio, Jll>, 85- 


;in»l Kurzrok, 
Endocrinol- 


lieii from the original procedure® in that 
comparisons were made of the time required 
for denudation of rat ova of their follicle cells. 
Saline extracts of testes from normal and 
diabetic rats were prepared in concentratior^ 
which were the same for both the experi- 
mental and control testes in each assay. 

.An additional test was included in this 
study. Comparisons were made in the yields 
of enzyme produced in the experimental and 
control groups when macerated seminal vesi- 
cles were mixed with the testis homogenates 
before extracting. It was shown that in- 
creased yields of enzyme could be obtained 
when the seminal vesicles were addedJ 

Results, The hyaluronidase concentration 
of the testes of normal and diabetic rats are 
presented in Tables I and II. In no case 
was the enzyme concentration in the testes 
of the e.xperimental and control rats signia- 
cantly different. When the testis homogenate 
was incubated before extraction an increase 
in enzyme concentration was obtained in both 
groups. In the rat ova lest, the amount of 
axlract in gram-equivalents of testis material 
was purposely lowered when the testis homo- 
genate was incubated, otherwise the reaction 
would have proceeded so that an ac- 

TC-on;ir»J. I-., I". I-. :»n.l Kui^ifok, 

fi., Endocnnoloou* 
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Relaxin in the Ovary of the Domestic Sow (Sus scrofa LJ.* 

F* L. Hisaw and X. Zarrow. 

From the Biological Laboratories, Harvard Vniversitg, Cambridge, 


The recent work of Albert, Money and 
Zarrow^ indicates that a much higher concen- 
tration of relaxin is found in the ^Yhole, fresh 
ovary of the sow than in the defatted, dried 
corpora lutea They^ also found that the 
hormone is distributed throughout the ovarj^ 
with the exception of the follicular fluid, and 
that during pregnancy its concentration is 
500 to 1500 limes greater than during a 


* Aided by a graut from the United States 
Public IlealtU Service to Professor Frederick L. 
IIisa^v. 

1 Albert* A.* Money, W. L., and Zarrovr, M. X,, 
Endoennob* 19*17, 40, 370. 

« Fevold, n. L., Hisaw, F. L., and Meyer, R. K., 
jr. Anu Chan. Soe., 1030, oi!, 33-iO. 

3 Abrnmowitz, A. A., Money, W. L., Zarrow, 
M. X., Tuhuage, IX, V, X., KlelnUolr, L. IL, and 
llisaw, F. L., Endoennob, 1941, 3^1, 103. 

4 Albert, A., Money, W. L., and Zarrow, M. X, 
Fn</ocn«ob, 1940, 3t), 970. 


normal estrous cycle. The present investiga- 
tion was undertaken for the purpose of de- 
termining quantitatively the relaxin content 
of the ovary throughout pregnancy and also 
to find when relaxin first appears in the ON'ary 
both during pregnancy and the normal estrous 
cycle. In addition, studies were made of the 
blood, uterus and placenta for relaxin con- 
tent, 

Expcrmcntal procedure and methods. In 
order to avoid the possible loss of relaxin as 
a consequence of the number of manipula- 
tions in the extraction of the tissues, purifi- 
cation was carried out only to the point of 
furnishing a preparation suitable for assay 
purposes. Es^ntially the technic used was 
that described as step No. 1 by Albert, Money 
and Zarrow,^ The tissues were obtained on 
the slaughtering floor and at the same time 
data were secured as to the age of the <ow 
condition of the ovary (follicles or corpora 
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TABLE I. 

Concent ration of Relaxin in Blood, Placenta, Ovary, and Other Tissues of the Sow. 


Stage of cycle or , Relaxiu content 


Age of pig 

Tissue 

length of fetus 

No. of tests 

G.P.U. 

Gilt 

Ovary 

Immature 


A 

<1.0 

per 2 

Mature 

// 

Follicular 


o 

<1.0 

tS 7 7 

1 j 

7 7 

Luteal 


3 

2.5 to 5 

7 1 7 1 

ft 

. Follicular tluid 

Follicular 


o 

<1.0 

2 ml 

f j 

PlacLMita 

•i*{;dnch fetus 

1 

0.5 

»» g 

f » 

J » 

G 

ft 

o 

2.5 

7 1 7 7 

t f 

7 7 

10 

7 t 

o 

0.5 

7 7 7 7 

ft 

Blood 

5V-* ” 

7 t 

i 

2.0 

1ml 

f I 

7 7 

7 

f t 

o 

2.0 

77 7777 

t 7 

Icterus 

Pregnant 


1 

<1.0 

’ * g 

t t 

Tlivmus 

— 


1 

<0.1 

7 7 7 7 

7 7 

Thyroid 

— 


1 

<0.1 

7 7 7 7 

i 7 

Liver 

— 


1 

<1-0 

ft 7 7 

> 7 

} J 

— 


1 

<0.1 

7 7 7 7 


viously is applicable to the present material. 

Assays of the ovaries of pregnant sows 
(Fig. 2) indicate that the relaxin concentra- 
tion rapidly increases during early pregnancy, 
and reaches a plateau at approximately 10,- 
000 G.P.U. per gram of fresh ovary when the 
fetus is about 5 inches in length. The earliest 
stage of pregnancy studied was one in which 
the fetuses were of an inch in length. The 
ovaries of this sow contained 500 G.P.U. of 
relxxin per gram of fresh tissue. Therefore, the 
rehLxin content of the ovary increased some 
20-foId between this early stage and that at 
which the fetuses attained a length of 5 
inches. 

An extract of the ovaries of a sow with 
fetuses 9)j inches long was used for making 
a comparison of the guinea pig and mouse 
assay procedures. The guinea pig assay was 
carried out as previously described. In the 
mouse assay, groups of 15 castrated female 
mice previously primed wlUi estradiol were 
ibed and a unit defined as that amount of 
relaxin which would produce relaxation in 
the symphyses of two-thirds of the animals. 
There was complete agreement between the 
results of the two methods of assay as both 
showed a concentration of 10,000 G.P.U. of 
relaxin per gram of fresh ovary. 

In view of the extremely high concentrations 
of relaxin in the ovaries of the pregnant sow 
it was lell desirable, for the purpose of com- 
liarison. to e.xamine the ovaries of the gilt 


and of the sow during a normal estrous 
cycle. The tissues were collected and assayed 
by the guinea pig method in the same manner 
as described above. These assays gave nega- 
tive results, at a level corresponding to 1 
G.P.U. of relaxin per gram of fresh tissue, 
for both the ovary of the gilt and that of 
the SOW’ in the follicular phase of the estrous 
cycle. Examination of the follicular fluid 
also gave negative results. However, dur- 
ing the luteal phase, the ovary W’as found 


........ .y W.X.V.;. pci giaili. 

The relaxin content of the blood, placenta 
and other tissues of the pregnant sow also 
was determined (Table 1). Several assays 
were carried out on the blood serum of 2 preg- 
nant sows, one of which had fetuses of 5^ 
inches and tlie other fetuses of 7 inches. In 
both cases the blood was found to contain 
2 GJ>.U. per ml. The placentas of 3 animals 
having fetuses 4K^. 6, and 10 inches in 
length were found to contain 0.5 to 2.5 G.P.U. 
per gram and no correlation with length of 
gestation was observed. Assays for relmxin 
in the uterus, thyroid, thymus and liver <-ave 
negative results. ° 

Dhaisslon. These observations indicate 
that relaxin is primarily a hormone of preg- 
nancy. It is found in the ovar>’ in small 
amounts (2.5 to 5.0 G.P.U. per g) during 
the estrous cycle, associated with the pres- 
ence ot a uinctional corpus luieum, but it 
tegrns to very .„|y 1, 
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lutea) and, if pregnant, the length of the 
fetus. The tissues were brought immediately 
to the laboratory and the preparation of the 
extracts for assay was started. 

The tissues were first ground and extracted 
in the cold with 6 volumes of 3% HCl for 
48 hours. At the end of the first extraction 


as the test is in a Jarge measure based on 
subjective judgment. Consequently, only an 
unquestionable relaxation of the symphysis 
was accepted as a positive response while 
doubtful or non-relaxed symphyses were con* 
sidered negative. 

Itesi/lts. Ovaries were obtained from 15 


period the mixture was made up to 4 5^) 
NaCl and the supernatant fluid separated 
from the residue by centrifugation. The resi- 
due was then re-extracled in the same manner 
for an additional 24 hours and discarded. The 
two supernatant fluids were combined, adjus- 
ted to pH 7.0 and dialyzed against running 
tap water. Adequate dilutions were prepared 
and the sample assayed in castrated guinea 
pigs by means of the relaxation of the sym- 
physis pubis. In a few instances when the 
extract was too dilute, the preparation was 
concentrated by adding 5 volumes of cold 
acetone and dissolving the precipitate in a 
suitable volume of water. 

In the present assay procedure the guinea 
pigs were injected with 1 /^g of estradiol 
daily for 3 days instead of the usual 4 days 
and the material to be tested was injected 
on the morning of the fourth day. Six hours 
later the pelves of the animals were palpated 
according to the technic of Abramowjta. et 
al.^ A guinea pig unit (G.P.U.) was defined 
as that amount of relaxin which produced 


pregnant sows with fetuses ranging in length 
from ^ to 10)4 inches and assayed for re- 
laxin content on a total of 510 castrated 
guinea pigs. Prior to carrying out these 
assays, an extract was prepared of a single 
ovary from a sow in early pregnancy and 
a dose-response curve obtained. It may be 
seen in Fig. 1 that the results give a typical 
sigmoid curve similar in shape to the cur\’e 
obtained with extracts of dried corpora lutea, ^ 
thus indicating that the assay reported pre- 



rela.xation of the symphysis pubis in two- 
thirds of a group of 12 or more guinea pigs. 
The assay was carried out by preparing a 
series of dilutions and determining the con- 
centration of relaxin ^vhich gave a unit re- 


sponse. 

It is important to note that sev^eral pre- 
cautions were carefully observed. Only 


animals in good nutritional state and weigh- 
ing 400 to SOO g were used. Furthermore, all 
guinea pigs were palpated prior to the start 
of the estradiol treatment and also just prior 
to the injection of the sample of relaxin. In 
both instances all guinea pigs udth relax^ 
or questionably relaxed pelves were discarded. 
Finally, it is important to mention that it 
is possible to distinguish gradations in the 
response of the guinea pigs. However such 
distinctions may lead to considerable error 


Fio. 1. 

Tlic dose-responso curve* of relaxin ohC'iincd 
from the ovarj” of a pregnant sou'. Mg ef|uiva* 
lent of fresh ovnrr are plotted against the pet' 
ceiitage of guinea pigs showing pubic relaxation. 



The relaxin coutvnt of tho ovury of the pregnant 
sow plotted against the .average length of the 
fotUM-s as .an indication of the aUigo of pregri.aijey. 
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TABLE L 

Selection of Patients with Pneumococcie Infcctlops, 

Days of illness 
on wluch 


Ago, yrs 

Pre-existing complications 

observations 
were made 

Additional protein 
therapy 

Recovered 

32 

Primary 

None 

^iCeuingitis. 

1,3 

Serum 

Yes 

3S 

Pituitary adenoma 

1,1 

7 7 

7 7 

50 

Skull fracture 

1,6 

7 7 

7 7 

GO 

Cirrhosis 

4,/ 

7 7 

No 

46 

Primary 

None 

Pneumonia 

18,25,79 


Yes 

28 

j j 

4 , 6 , 1 - 1,33 

Gamma globulin 

7 7 

34 

j t 

2.4 

77 77 

7 7 

39 

Alcoholism 

21,36 

Serum 

77 

0/ 

J 7 

21,24,49 

, 7 

7 7 

46 

chr. osteomyelitis 

4 


No 

49 

77 

19 


Yes 

70 

7 1 

10,14,31,46 

Gamma ulobulin 

7 7 

62 

’’ bronchiectasis 

11.15,29 

77 77 

7 7 

42 

7 > 

S,9 

77 77 

7 7 

43 

7 1 

i ,8,1/ 

77 77 

7 * 

79 

Congestive failure 

8,17,24 


No 

70 

Emphysema 

14, 2S 


Yes 

71 

Heart disease 

3,21 


7 > 

74 

Congestive failure 

5,6,32 

77 77 

7 7 

7S 

Heart disease 

36 


77 

69 

Diverticulitis 

Q 


7 7 

74 

Cachexia senilis 

4 


7 7 

65 

Multiple myeloma 

1,5 (months) 


7 7 


(ures and burns.^ Leutscher^ reported greatly 
decreased electrophoretic albumin and increas- 
ed fibrinogen concentrations in lobar pneu- 
monia, as well as lesser increments in beta and 
gamma globulins. Pleural fluids similarly 
fractionated were found to contain the same 
constituents as serum, but in lower concen- 
trations. 

Selection oj patients. During 1946, 23 
patients with pneumococcie infections w'ere 
selected from the Medical Clinic of the 
Rochester Municipal and Strong :^Iemorial 
Hospitals for this study. As indicated in 
lable I, 4 of these patients had primary 
meningiiis, and 19 pneumonia. In addition 
to routine treatment with sulfadiazine and/or 
penicillin, 6 were also treated with t^^pe spe- 
ciiic rabbit antiserum because of the severity 
of the infection, and 7 others were given sup- 
plemental intramuscular injections of immune 
human gamma globulin* to investigate its 
effects, ^ 

^SU^nu K., ami 
J/« J., 304i>, 10, 

« I.vut>clii:r, . 1 . A., J . dm. Znicir., I941, 


Methods. The venous blood samples were 
drawn in dry oxalate flasks under fasting con- 
ditions to minimize liperaia, and insofar as 
possible with only momentarj' stasis. All but 
3 plasma samples bad a specific gravity of 
1.022 to 1.026 (copper sulphate method); 
one from a patient with pneumonia and he- 
patic cirrhosis was too low to read on one day 
and 1.021 when repeated the following day, 
and 2 others were 1.029 from acutely ill de- 
hydrated patienu. Electrophoresis was car- 
ried out in the tall form of the 1 1 ml Tiselius 
cell, in diethyl-barbituric acid buffer of pH 
S.5 and ionic strength of 0.1. Plasma was 
diluted with an equal volume of buffer and 
dialyzed through cellophane against 2 liters 
of similar buffer. Current was passed for 3 
hours with a field strength of 6.S volts per 

* Thu immune Immaii Kamm.i globulin was fur- 
nislicd by Sharpe and Dobme, Phibidclphia, 
through the kindness of Dr. Charles Janeway’ 
Boston. 50 ml of this raaturial provided the anti- 
body equivalent of 1200 ml of pooled normal 
human plasma, or not quite one-half of the fsti- 
inated circulating gamma globulin in the blood. 
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and attains a maximal concentration of ap- 
proximately 10,000 G.P.U. per g of ovarian 
tissue by the time the fetuses are 5 or 6 
inches in length: It is rather surprising, in 
vieiv of this liigh concentration in the ovaries, 
to find only 2 G.P.U. of the hormone per ml 
of blood serum in the pregnant animal. This 
is only one-fifth of the concentration found 
in the blood serum of pregnant rabbits.^ 
However, it is 4 times the concentration found 
in pregnant guinea pigs® which indicates a 
wide species variation. 

While the ovary must be regarded as the 
major source of relaxin in the pregnant sow, 
small amounts (0.5 to 2.5 G.P.U, per g) 
were also found in the placenta. Compared 
to the concentrations obtained in the ovary 
this amount is extremely small; nevertheless 
it is significant to note that in both the 
guinea pig® and the rabbit," relaxin has been 
found in the placenta. 

5 Marder, S. N., and Money, W. L., Endocrinol,, 
1941, 34, 1X5. 

0 Zarrow, M. X., Proc. Soc. Exp. Biol, axd 
Med., 1947, CO, 488. 

T Zarrow, M. X., Unpublished observations. 


The lack of relaxin in the ovary of the 
gilt and in the follicular fluid and ovary of 
the sow in pre-oestrus indicates that the 
corpora lutea are of importance in the forma- 
tion of relaxative substance. The results of 
Albert, Money and Zarrow^ show that relaxin 
is present in both the corpora lutea and the 
non-luteal tissue of the ovary of a pregnant 
sow. This may indicate that relaxin is formed 
in the luteal tissues and diffuses out to the 
surrounding area or that there is an extra- 
luteal site which forms relaxin under the 
stimulation of a corpus luteum. 

Simviary, No relaxin is found in the ovaries 
of the gilt nor of the sow during the follicular 
phase of the estrous cycle. There is, however, 
2.5 to 5 G.P.U. of relaxin per gram of ovarian 
tissue present during the luteal phase of the 
cycle. The amount of relaxin in the ovaries 
increases rapidly during pregnancy and 
reaches a maximal concentration of appro.xi- 
niately 10,000 G.P.U. per gram of tissue by 
the time the fetuses attain a length of 5 or 
6 inches. The blood at mid-pregnancy con- 
tains 2 G.P.U. per ml while the placenta has 
0.5 to 2.5 G.P.U. per gram. 
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Electrophoretic Changes in Plasma Proteins in Patients with Pneumococcic 

Infections. 


• Robert A. Bruce and Eric L. Alling. (Introduced by W. S. McCann.) 
(with the technical assistance of Anne D. Barnett.) 

From the Chest Laboratory of the Department of ^[cdicine and the Departments of JiadtoJoyy 
and Medicine, University of Rochester School of Medicine and Dentistry^ and the Medical 


Clinic of the Strong Memorial and Eoch 

Alterations of the plasma proteins in rela- 
tion to successive stages of pneumococcic in- 
fections (either pneumonia or meningitis), and 
to important antecedent factors influencing 
protein metabolism, are reported in this paper. 
Blix,^ who studied the plasma of pneumonia 
patients electrophoretically, found that the 
alpha-globulin concentratio n was more than 

iBlix, G., Z, /. die gesamte Exp, Med., 1939, 
103, 595. 


^stcr Municipal Hospitals, Rochester, X, T. 

twice normal, and gamma globulin was re- 
duced from 76 to 64% of the total globulin 
concentration. Longsworth- confirmed these 
findings concerning alpha-globuIin, and siibse- 
quent observers have shown that alpha-globu- 
lin generally increases in febrile reactions as- 
sociated with tissue destruction, such as in- 
fectious diseases, coronarj^ thrombosis, frac-^’ 

- LoDgsworth, B. G., Slit’dlovaky, T., .'ind Xiao* 
Innc 3 , D. A., J. Exp. Med., 1939, 70, 399. 
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hepatic cirrhosis; 2 had heart failure vclth 
hepatic congestion; and 1 had multiple myelo- 
mata, Thus the abnormal increments in the 
gamma globulin levels appeared to be related 
to underlying disease of the liver or bone 
marrow. In the electrophoretic fractionation 
of the plasma proteins in the myeloma blood, 
there was a protein having the mobility of 
gamma globulin with a concentration of 5.9 
g% as determined by the area under the 
peak. When this patient’s plasma was studied 
again 5 months later, there was no change in 
this peak. Only 2 patients had subnormal 
gamma globulin levels. Each of these gave 
a history of previous pneumonic infections 
several years before. Both were given 50 ml 
of immune human gamma globulin intramus- 
cularly in addition to the routine treatment. 
Subsequent electrophoretic patterns of their 
blood showed increments in the gamma globu- 
lin fraction. Four out of 5 other patients simi- 
larly treated with intramuscular gamma globu- 
lin showed appreciable increases in the plasma 
concentrations of this fraction following the 
injection (Fig. 1). The amount of gamma 
globulin injected in these 7 patients repre- 
sented about 7.0 g, and the maximum average 
increase in concentration was 0.45 g^o, or 
about 65% of the average normal level. Ab- 
sorption was delayed as there was no prompt 
initial rise. Since, however, 4 of the 7 so 
treated were known to have had chronic 
alcoholism and another had had decompen- 
sated heart disease, it is difficult to attribute 
the greater increments in this fraction to the 
material administered, although it is possible 
that the restoration of normal levels was sig- 
nificant in the only 2 patients with abnormallj^ 
low initial gamma globulin levels. During 
convalescence there was a relative increase in 
the gamma globulin concentration in all the 
patients studied, but this was attributed in 
part to the concomitant decline in alpha- 
globulins. 

Discussion. Pneumococcic infections, in 
common with other acute infectious diseases 
and severe bodily trauma/'^ initiate non-spe- 
cific alterations in the protein metabolism. 
'rUe present findings of hypoalbuminemia, in- 
cre:iscd alpha-globulins and fibrinogen are in 


accord with the findings of previous obsen^- 
ers.^- Wh^n evaluated chronologically, how- 
ever, from the onset of the infection, it is 
apparent that the alpha-globulins and fibrino- 
gen increase promptly and decline gradually 
in convalescence; whereas the h>q)oalbumin- 
emia becomes progressively more severe, 
reaching the lowest levels in the second week 
of the infection and slowly is restored to 
normal over the following month. The in- 
tensity of the hypoalbuminemia, and in turn 
the hypoproteinemia, is considerably influ- 
enced by antecedent factors adversely affect- 
ing liver function, such as malnutrition, 
chronic alcoholism, cirrhosis and chronic pas- 
sive congestion. Furthermore the severity of 
the electrophoretic hypoalbuminemia is 
greater than is recognized by chemical deter- 
minations. Dole* has shown that the Howe 
separation® is faulty, due largely to the 
solubility of much of the alpha-globulins in 
the concentration of sodium sulfate employed 
in the Howe technic. Hence the hypoalbu- 
minemia tends to be obscured by the con- 
comitant increase in alpha-globuIins during 
acute febrile illnesses which are incompletely 
salted out by the clinical method of separation. 
The hypoalbuminemia in pneumonia may be 
the result of poor dietary intake of nitrogen, 
nitrogen catabolism, losses of protein in exu- 
date and urine, and possibly impaired syn- 
thesis of protein. In experimental dogs, poor 
dietary' protein intake and plasmapheresis 
have been shown to diminish the albumin 
level and increase the alpha-globulins.^ 

Previous variations in the reported findings 
of gamma globulin concentrations in pneu- 
monia^*^ may have been due to the selection 
of patients and the relation to the onset of 
infection. Our findings indicate abnormally 
low levels early in the infection in occasional 
patients, a relative increase in concentration 
during convalescence, and an abnormally high 
level in those patients having impaired liver 
function prior to the onset of pneumococcic 
infection. The supplemental intramuscular 

t Dole, V. P., and Braun, E., J. CUn, Invest., 
1144. TOS. 

s Howe, It. E., J, Cheuu, 1* 21, *10, lOD. 
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cm* Further details of this technic may be 
found in a previous paper/ 

Results, The alterations in plasma pro- 
teins determined electrophoretically in rela- 
tion to the duration of the pneumococcic in- 
fection are shown in Fig L In addition, the 
symbols indicate patient-groups: primary 
meningitis (M), senile (S), history of chronic 
alcoholism (A), and those whose previous 
health was normal (N). Differences in therapy 
are indicated by the connecting lines: small 
broken lines indicate routine treatment; large 
broken lines indicate supplemental use of anti- 
serum; and solid lines indicate those treated 
with gamma globulin. For comparative pur- 
poses the range and mean values for the same 
fractions in 17 normal individuals are indi- 
cated in each graph. 

All total protein levels obtained initially 
were somewhat depressed, except for 1 patient 
with meningitis and dehydration (plasma 
specific gravity 1.029). The blood samples 
from the meningitis group were obtained early 
in the infection and exhibited an average level 
of 7.07 grams%, whereas those with pneu- 
monia were obtained later in the first and 
second weeks of the illness and had an average 
level of 5.88 grams There was consider- 
able scatter, with a tendency to reach the low- 
est levels in the second week, and then to 
increase during convalescence. This parallels 
the observations of Rutstein, et al,^ on plasma 
volume alterations in pneumonia.^ The pneu- 
monia patients with an alcoholic background 
had an average total protein concentration of 
5.55 g%, whereas the non-alcoholic group 
averaged 6.07 g%. These values are based on 
samples taken from 2 to 36 days in the course 
of the illness, and hence are not strictly com- 
parable. The lowest total protein of 4.9 g% 
was obtained from an alcoholic patient how- 
ever. 

The plasma albimin levels were low in all 
the initial blood samples studied. Hypoalbu- 
minenua progressed until the second week of 

r> Xeldis, L. J., and AUuig> E, L., J. Ej-p. MaU 


1940, ai, 515 . » L. 

D. E-, Thomsiny. K. .T„ aalnucK, 

D. M., Walker, W. H., ami Fioody, K. Chn. 

1045, IM, IL 


the infection, and all but 2 patients continued 
to exhibit a subnormal albumin concentration 
up to a month after the onset of the infection. 
The lowest level for non-alcoholic patients 
was 1.76 gfo, whereas the elderly and alco- 
holic groups exhibited a more marked hjpo- 
albuminemia ranging from 1.35 to 1.74 's7o 
during the first 2 weeks. This is in contrast 
to the normal range of 3.7 to 4.6 g^/o by 
this method. 

The alpJta-globulins were increased up to 
twice normal concentrations during the first 
week. The 2 exceptions to tliis trend w'ere 
patients with advanced cirrhosis, one of whom 
died of hepatic insufficiency. The increased 
alpha-globulin levels gradually declined to 
normal in over a month. The beta globulin 
levels varied considerably; the highest initial 
level occurred in a patient with pituitary 
adenoma who had an intracranial-paranasal 
fistula complicated by meningitis; and the 
lowest levels ivere in 2 patients witii chronic 
alcoholism. During convalescence the beta 
globulin showed marked increases in 3 pa- 
tients, one of whom was an elderly man with 
a history of congestive heart failure who suf- 
fered 3 relapses of pneumonia before a fatal 
outcome; and the other 2 ^vere chronic alco- 
holics with pneumonia treated with antipneu- 
mococcal rabbit serum. 

The fibrinogen fraction'* was considerably 
increased in . all patients, and returned to 
normal during convalescence in only 2 pa- 
tients. These 2 had pneumonia without any 
antecedent complications. The highest value 
of L3 was obtained just prior to death in 
the patient with meningitis and hepatic insuf- 
ficiency. Two others^ who showed progressive 
hyperfibrinogenemia, had chronic alcoholism, 
were severely ill with pneumonia, and showed 
jaundice. It should be noted that the fibrino- 
gen values obtained b>' electrophoresis con- 
tained unknown amounts of gamma-1 globu- 
lin, so that the increases obser\'e<l cannot be 
considered pure fibrinogen. Hence we have 
used the term '‘fibrinogen fraction.'' 

Gamma globulin concentrations of greater 
than 0.9 were seen in the acute phase of 
the illness or in convalescence in 10 patients. 

Of these, 4 had chronic alcohoibni: J had 



Albumin and Pneumonia 


405 


TABLE I. 

Kesults of Albuniin Administratiou iu Patients with Pneumococcic Lobar Pneumonia. 
A. Effects on Plasma Albumin Levels and Protein Metabolism. 


Patient 

Bay of illness 
when alb. was 
started 

Plasma albumin cone., 
g/100 ml 

Protein intake, g 

Apparent retention 
in protein during 
period of observation 
g 

✓ 

Before 

After 

1 wk 
later 

Dietary 

Alb. i.v. 

J.S. 

Control 

2.65 

2.85 

2.8S 

542 

— 

62 

C.M. 

7 7 

3.20 


3.24 


— 

— 

L-P. 

5 

2.48 

3.46 

3.4S 

611 

100 

245 

W.D. 

10 

2.6S 

3.74 

3.91 

743 

100 

— 

A.M. 

7 

2.51 

3.64 

3.7S 

743 

100 

244 

S.W. 

11 

l.oS 

3.19 

3.23 

472 

125 

151 

E.E. 

9 

1.2.5 

2.26 

— 

890 

12.5 

59S 

C.S. 

7 

2.54 

4,01 

3.32 

9S6 

170 

363 


*This patient was y^ermitted an unrestricted diet, hence the nitrogen iutahe could not he 
determined. * 


B. Effects on Plasma Globulin Levels. 

Alpha-1 Ali)ha-*2 Beta Fibrinogen Gamma 


t \ / \ ' \ r \ 


Patient 


a 

b 

a 

b 

a 

b 

a 

b 

.a 

J.S. 

.66 

.52 

1.33 

1.19 

.79 

.95 

.95 

.89 

.58 


C.M 

.58 

.58 

1.10 

1.24 

.87 

.92 

.97 

.88 

.60 

.96 

B.P. 

.69 

.51 

1.29 

.92 

.92 

.75 

.72 

.45 

.80 

.58 

AV.D. 

.67 

.46 

1.21 

.91 

1.02 

.95 

.67 

.58 

.99 

.74 

A.M. 

.64 

.47 

.98 

.76 

.73 

.82 

.71 

.50 

.60 

.82 

S.W. 

.60 

.47 

.99 

.86 

.91 

.93 

.82 

.92 

1.01 

1.14 

E.E. 

.65 

.58 

.95 

.S3 

.82 

.71 

.93 

1.23 

1.06 

1.13 

C.S. 

.48 

.35 

.95 

.70 

1.09 

.87 

.93 

.50 

,70 

.68 

* ‘'b” 

represents the concentration before the albumin 

; was 

administc 

red, and 

* * a ’ ^ , 

rep re- 


sents the concentration after the albumin. 


cretion, whereas the fecal nitrogen e.^cretion 
was estimated to be 1.0 g per diem. Such 
a simplified nitrogen balance study was main- 
tained for 5 to 7 days during which time the 
treated patients received 25 g (100 ml) of 
salt-poor human albumin* intravenously daily 
for 4 to 6 days. Venous blood samples for 
plasma electrophoresis were obtained the 
morning before, the morning after, and again 
a week after the course of albumin. The tech- 
nic of electrophoresis was the same as previ- 
ously described.^*- Electrophoresis of the 
plasma ^s'as done on the second control pa- 
tient who ^Yas permitted an unrestricted hos- 
pital diet ad libitum. Serial determinations 
of pulse rate, blood pressure, venous pres- 
sure. respiratory rate, breath-holding time, 

X Thf i^ilt-poor human albumin furnis!jc<J 

through the kindness of Mr. U. B. Chirk, by the 
Cutter L.iboratories, Berkeley, Calif. 

*-:ZeiaLs I- J., E, L., McCoord. A. B., 

and Kulka, J. 1\, J. Exp. JfeJ., 1015, 82. 15;. 


cardiac output (ballistocardiographic meth- 
od$), and pulmonary' capacities including total 
and vital capacity as well as residual air were 
made before and after the administration of 
albumin intravenously in 5 patients. 

Metabolic residts. Table I summarizes the 
changes in concentration of the various plasma 
protein fractions and the alteration of nitro- 
gen balance resulting from the infusion of 
albumin in 6 patients with pneumonia. The 
treated patients exhibited increments in albu- 
min concentration of 0.9S to 1.61 g% follow- 
ing the administration of 100 to 170 of 
albumin over 4 to 6 days, and in most in- 
stances these increments were maintained 
over the following week of observation. In 
contrast the controls showed but slight change 
in albumin levels. Furthermore, the treat^ 
patients retained more protein than could 
be accounted for by the amount of albumin 


$ a.urtcT of Dr. H. Jr., o'f 

nieut of Medicine. 


Depart- 
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injections of gamma globulinf may have been 
responsible for the increases in plasma levels 
which . occurred in the 2 patients with low 
values. 

Summary, Multiple electrophoretic de- 
terminations of the plasma proteins of 23 
patients with pneumococcic pneumonia or 
meningitis have been made in relation to the 

t Dr. AV. Addisou CJay assayed the prote^^tivc 
power of Qamnvd globuJin in type 27 pneumococcic 
peritoiutis in 40 mice and found a reduction of 
gross mortality from 95 to 55%, By serial dilu- 
tions tbe protective po^ver was estimated to be 
of the order of one ten thousandth of that of 
immune rabbit serum. 


duration of the infection and the importance 
of antecedent factors, H>^oproteinemia, due 
largely to significant progressive hypoalbu- 
minemia, together with early increases in 
alpha-globulins and fibrinogen have been 
observed. Malnutrition, chronic alcoholism, 
cirrhosis and chronic passive congestion of the 
liver were found associated with more severe 
degrees of hypoaibuminemia. Diminished 
plasma albumin levels were seldom restored 
to normal within a month from the onset of 
the infection. The effects of intramuscular 
injections of immune human gamma globulin - 
were investigated, with inconclusive results. 
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Effects of Albumin on Hypoaibuminemia in Pneumococcic Pneumonia. 

Robert A. Bruce’*' and Eric L. Allxnc. (Introduced by W, S. jMcCann.) 
(with the technical assistance of Anne D. Barnett.) 

From the Chest Lahoratort/ of the Department of ^tedicine^ and the Department of lUuUolOiPj 
and Medicine t University of Jtochester School of Medicine and Dentistry, and the Medical Clinic 
of the Stroup Memorial and Foclicsier Mnniciiml Hospitals, Rochester, .Y.y. 


A previous report^ confirmed the findings of 
others that patients with pneumococcic in- 
fection exhibit hypoaibuminemia within the 
first 2 weeks of the infection. Results ob- 
tained by electrophoresis of plasma proteins 
showed depression of albumin concentrations 
to as low as 1.4 to 1.8 g^, and that normal 
concentration was not often established within 
a month after the infection. Such marked 
hypoaibuminemia was considered to be the 
result of protein loss in exudate and urine in 
addition to protein break-down and malnutri- 
tion during the acute phase of the illness. 
Because of this hypoaibuminemia the effects 
of intravenous albumin therapy were investi- 
gated. This report presents the metabolic 
changes as well as some of the secondary 


♦Bertijji IXocbstctter Bui^well Besoareh Pollow 
in ifcdicine. 

1 Bruce, B. A., Alliug, D, L,, aua Barnett, A. D,, 
Peoc. Soc. Exp. Biol, and ATed., 194S, 00, 30$. 


effects of such therapy on cardio-respiratory 
functions. 

Patients and procedures. During 1947 
eight patients with severe pneumococcic lobar 
pneumonia were selected, and in addition to 
the routine chemotherapy of the infection 2 
were controls, and 6 were treated with albu- 
min. ObseiA^ations on still another patient 
are included because of a fatal outcome fol- 
lowing albumin therapy. The 6 albumin- 
treated patients and one control were placed 
on a special liquid diett of known nitrogen 
content a day or Ito after the restoration of 
normal temperature following the febrile re- 
action. Twenty-four hour urinary collections 
were made to determine urinary nitrogen ex- 

t The diet conswted of 1200 i»! of poudered 
whole milk, eggd, yeoat, and sugar in ad<Htion to 
orange juice. There was 17.7 g of nitrogen in 
this mixture. To satisfy Aome p/nieat'<, the 
amount of diet had to he iiicrtM-jed to 2t00 nil 
volume. 
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Histochemical Demonstration of Sites of Phosphamidase Activity,* 

G. Gomori. 

From the Department of 3IaTici7ie, The VniversHy of ChicagOj ChicagOj lU. 


In the course of experiments on the histo- 
chemical specificity of phosphatases the use 
of 18 out of 19 different substrates resulted 
in the production of identical patterns of en- 
cyme distribution in all tissues and in all 
ranges of pH,^ The nineteenth substrate, p- 
chloranilidophosphonic acid, included because 
of the existence of a specific “phosphami- 
dase”,-*"^ yielded a pattern identical with the 
others at pH 9 and 7, but produced strikingly 
different pictures at pH 5. Since this finding 
b a strong evidence in favor of the existence 
of a specific enzyme, a technic was developed 
for its histochemical demonstration. 

Kxperimcntal, p-Chloranilidophosphonic 
acid (p-ClCcHiNHPO (OHl^was synthesized 
by the method of Otto.”’ The crude product 
was dissolved in an excess of filtered, 

and neutralized, under ice cooling, with acetic 
acid. A slight excess of acetic acid was 
added (to about pH 4), and the solution was 
placed in the refrigerator. In a few hours 
the free phosphonic acid precipitated almost 
quantitatively. It was filtered under suction, 
washed with ice cold water, and dried in 
vacuo. The dry powder was extracted wath 
cold absolute alcohol to remove p-chlorani- 
line and dried. A 0.1 stock solution was 
prepared by dissolving a calculated amount 

* This work lias been done under grants from 
the Douglas Smith Poundatiou for itedieal Ke- 
seureh of The Univeraity of Clueago, and from the 
Pathology Study Section of the V. S, Public 
ilealth Service. 

t Gomori, G., Puoc. Soc. Kxn. Biou -tsn Mkd., 
to be publiaUed. 

~ WalM’lumdt-Leitz, K., and Koehler, E., Dm* 
chvin. 300. 

3 lehihara. M., J. lixocht'm, (Japan), 1033, 18, 
S7. 

* llretiereek, H., and Geyer, E., /C. 
chem., 103 S, tio-i. eej. 

'•Otto, P., lUr, dciitsch, cUcm, ISOS, ti8 

017, 


of the powder in an excess of 10% NH^OH, 
adjusting the solution ^Yith dilute acetic acid 
to about pH S and filling it up to volume with 
distilled ^Yater. Such stock solutions W’ere 
found to remain stable at refrigerator tem- 
perature for many weeks. 

Thin slices of fresh tissue were fixed in a 
number of different fixatives, chilled acetone, 
95% and absolute alcohol being found most 
satisfactory. Paraffin sections were incubated 
at Sy^’C from 2 to 48 hr in mixtures contain- 
ing various amounts of substrate, Pb (NOa)-’, 
and buffer in the range from pH 4.5 to 7.5. 
The best and most constant results w'ere 
obtained at pH 5.4 to 5.8, the concentra- 
tion of the substrate being 0.005 ^I, that o£ 
Pb (NOsjs, 0.0025 M and that of the buffer, 
0.05 M. The presence of ^MnCU in a con- 
centration of 0,002 to 0.005 greatly in- 
tensified the picture; Mg and Ca salts were 
without marked effect. Above pH 6.2 the 
reaction became dbtinctly weaker, disappear- 
ing altogether at pH 6.7. Above this pH 
level pictures corresponding to the dbtribu- 
tion of nonspecific alkaline phosphatase were 
obtained. Belo\Y pH 5.3 confusing artifacts 
consisting in the Pb impregnation of various 
structures such as connective tissue and 
muscle fibers, nerves, mucin, etc, were often 
observ'ed. These artifacts were present even 
in slides inactivated by dipping them for 5 
minutes in LugoPs iodine solution prior to 
incubation, whereas true enz^miatic reaction 
was completely abolished by this treatment. 
Since the substrate is not entirely stable 
around pH 5.6, the slides must be placed in 
the solution at an angle, the section facing 
downward, to avoid, as far as possible, the 
indiscriminate precipitation of Pb phosphate 
on the tissue. This maneuver will cause the 
precipitate to accumulate on the back surface 
of the slides from which it can be wiped off. 
Collodion coating of the slides interferes with 
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aloDe, The magnitude of this protein retention 
IS apparently dependent upon the dietary pro- 
tein ingested, as well as the albumin admin- 
istered. The ‘patient (S.W.) who showed the 
least retention of protein, received only 
limited quantities of the special liquid diet 
for 2 days due to a misunderstanding of the 
orders. Contrariwise the patient (E.E.) who 
retained 598 g of protein during the period 
of observation was the one who requested 
and ingested more than the prescribed amount 
of the diet. 

In addition to the changes in albumin con- 
centration in the treated patients, there were 
reductions in the globulin fractions, especially 
the alpha-globulins (Table I). The mechan- 
jsmsil of these alterations in the various frac- 
tions of the plasma proteins are not clear 
from these studies. Suitable isotope studies 
yielding accurate data on rates of protein 
turn-over will be needed to determine whether 
there is impaired synthesis or utilization, of 
the albumin and globulins under such con- 
ditions of stress. 

Cardlo-Vespiratory results. One patient, 
clinically considered to have chronic pulmon- 
ary disease, basilar pneumonia and shock, was 
given 25 g of albumin intravenously. Within 
3 hours this patient developed acute pulmon- 
ary edema. Electrocardiogram showed left 
bundle branch block and ischemic type of 
T waves. Before definitive therapy could be 
instituted the patient died. Autopsy showed 
coronary arteriosclerosis, cardiac dilatation 
and hypertrophy, myocardial scars and pul- 

jj There was no significant ijjcre:ise in pJasnia 
volume by the Evans blue technic in tlie patient 
who received 150 g of albumin (the authors are 
indebted to Ur. L. A. Kohn for this observation). 
By urinary chromatography there was no signifi- 
cant change in renal excretion of amino acids in 
another patient treated with albumin. (The 
authors aro indebted to Vr, C. Dent of Department 
of Pathology for this observation.) 


monary edema. Thus, the cause of the shock 
probably was due to coronary artery disease, 
and the administered albunun evidently con- 
tributed to pulmonary congestion. By electro- 
phoresis the plasma albumin concentration 
was initially 2.0 g%. Because of this experi- 
ence the secondary cardio-respiratory effects 
of albumin were investigated in all patients 
subsequently treated. Before any albumin 
therapy, each patient was found to have hj'po- 
tension with systolic blood pressure ranging 
between 88 and 104 mm of mercurj^ Follow- 
ing the infusion of albumin, the effects were 
quite variable, even in the same patient on 
consecutive days. The trend of changes, 
however, were a slowing of the pulse (ogetlier 
with increased blood pressure, stroke volume 
and cardiac output. The venous pressure 
often rose, but not above 12 cm of water. 
One patient (C. S.), who had had a myo- 
cardial infarction several months previously, 
showed no signs of cardiac dilatation or pul- 
monary congestion. The breath-holding time 
was often increased. Finally, the obser\'ed 
reductions in pulmonary volumes immediate- 
ly after albumin therapy were indicative of 
pooling of blood within the lungs. 

Summary. Six patients recovering from 
the acute febrile reaction of severe pneumococ- 
cic lobar pneumonia were given salt-poor hu- 
man albumin intravenously. Electrophoretic 
analyses of the plasma proteins showed sig- 
nificant increases in the albumin concentra- 
tion, together with reduction in globulins, par- 
ticulary alpha-globulin, following this therapy. 
Simplified nitrogen balance studies showed 
retention of more protein than could be ac- 
counted for by the amount of albumin alone. 
Another patient with shock related to serious 
heart disease succumbed from pulmonary 
edema shortly after the administration of 
albumin. The secondary cardio-respiratory 
effects of albumin therapy were investigated in 
5 patients. 
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larities may be caused by improper fixation 
since they may show up in only one or uvo 
amidst a large number of perfectly well stained 
consecutive serial sections. Nonspecific impreg- 
nations may also occur; they can be recog- 
nized as su^ by incubating inactivated slides 
(treated for 10 minutes with LugoPs solution 
or with any N mineral acid) as controls. The 
inactivated sections will show the same arti- 
facts. 

In successful slides, however, there is a 
typical localization of the reaction, varying 
somewhat with different species. The enzyme 
is present mainly in the cytoplasm (often in 
a granular form) but also in some of the 
nuclei. Moderate amounts are found in many 
tissues such as the liver, where its distribu- 
tion often but not invariably follows that of 
glycogen; in the secretory portions of the 
renal tubules; in the adrenal cortex; in the 
small intestine where its localization is simi- 
lar to that of alkaline phosphatase; in the 
epithelial lining of the bronchi; in the beta 
cells of the pancreatic islets of the mouse (not 
constantly); in the lachrymal gland of the 
hamster; and many others. However, a very 
intense reaction, much stronger than at the 
sites mentioned, is obtained in two tissues: 
the grey matter of the central nervous system 
(especially that of the cerebellum), and in 
malignant tumors. Twenty-four adenocarcin- 
omas of the gastrointestinal tract, 4 squamous 
carcinomas, 2 hypernephromas and a number 
of other epithelial tumors such as embryonic 


carcinomas of the testis, cancers of the pros** 
tate, breast and bronchi, Walker rat carcin- 
omas No. 256 and a butter yellow tumor 
stained very intensely and select ivel 3 ^ The 
reaction may start quite abruptly at the 
border of the malignant change, or the normal 
tissue may show a slight to moderate staining 
up to a distance of 1 or 2 mm from the 
edge of the neoplasm. In a few cases where 
the neoplasm showed various degrees of atypia 
in its different portions, the most at\-pical 
portions showed the most intense staining. So 
far not a single carcinoma has been found out 
of a total of 64 cases which did not show a 
sufficient reaction to set it off sharply against 
its environment. With sarcomas the results 
were much less constant. Some of them did 
not stain at all; others stained in an uneven, 
patchy wa 3 % and only a few stained as uni- 
formly as carcinomas did. Two papillomas of 
the bladder, questionabh' malignant, stained 
moderately heavily. Granulomas such as sar- 
coidosis and human tuberculosis usual!}" did 
not stain or showed a faint to moderate reac- 
tion in the giant cells and, rarely, even in the 
epitheloid cells. Tubercles in the guinea pig 
stained rather heavily, 

Sumtnary, A histochemical method for the 
demonstration of sites of phosphamidase ac- 
tivity is described. Small amounts of the 
enz 3 "me are present in many normal tissues; 
large amounts are found in the grey matter of . 
the central nervous system and in malignant 
epithelial tumors. 
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When an inlradermal injection of toxin 
derived from certain Gram-negative micro- 
organisms is followed, alter a period of ap- 

• Thi.s work was aidctl l»y a grant fruxu the Life 
luMirauco McAlcal Rov>earch Fuinl. 


proximately 20 hours, b}'’ an intravenous in- 
jCwiion of similar bacterial toxin, a gross hem- 
orrhage involving the entire injected skin 
area occurs. This hemorrhagic reaction has 
become known as the Shwartzman phenom* 
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Phosphamidase in Tissues 


the reaction; in fact, if the tissues happened to 
be embedded through collodion the latter must 
be removed before incubation by passing the 
slides through an alcohol-ether mixture or 
acetone. 



Pig. 1. 

Squamous caroinomn of the ceivie uteri. Note 
abrupt start of reaction at the edge of the malig- 
nant change. 



Pig. 2. 

AUonoearcinoma of colon. Intense staining of 
carcinomatous glands; normal mucosa unstained. 


Scirrhous carvinoina of breast. Note unstained 
duets. 


. The procedure to be described is recom- 
mended. 

L Incubate slides at 37 '"C for iO to 24 
hr in the folloiving mixture: 

To 50 ml of 0.05 maleate buffer pH ± 
5.6 (5.8 g of maleic acid 62 ml of N N'aOH 
in 1000 ml) add 1 to 1.5 ml of O.i 
Pb (Noa)^ solution and a few drops of a 
10% solution of IMnClo; shake until the 
initial precipitate dissolves. Add 2 ml of 
0.1 M phosphonate stock solution. Place 
mixture in a 45 to 60°C oven for about 30 
minutes until the turbidity consisting of 
PbafPO^)^ settles. Filter mixture into a 
Coplin jar. Support latter in an incUned 
position (at an angle of about 30''); place 
slides in it with the section facing doivnward. 

2. Rinse slides in distilled water. Wipe 
precipitate from backs of the slides and 
around the tissue* 

3. Remove superficial precipitate by plac- 
ing slides in a 0.1 M citrate buffer of pH 4.5 
to 5* As soon as the slide appears to be 
completely clear around the tissue, rinse it 
thoroughly under the tap. This differentia- 
tion is the most critical step in the procedure 
since insufficient treatment of the section may 
leave a precipitate, appearing black in the 
finished section, scattered all over the slide 
while overtreatment may remove part or all 
of the enzymatic reaction product. 

4. Treat slides with ammonium sulfide, 
etc., as in the method for lipase.*^ 

Results. The dependability of the method 
in its present form, as far as uniformity of 
results is concerned, is not entirely satisfac- 
tory. Usually, long series of sections from 
various tissues will stain quite uniformly. Oc- 
casionally, however, partial or total failures 
are observed. Some sections may fail to 
stain altogether: others will show a patchy 
distribution of the reaction; still others may 
show a reaction at an abnormal site such as 
the nuclei instead of the cytophsnh It is a 
curious fact that the reaction will remain 
selective for the same cell of group of cells, 
regardless of differences m its intracellular 
localization. Some but not all oi these ir regu- 

OGomori, G., paoc, Soc, E’xr. lUOL. .'.vn Mm, 
Wio, 302. 
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larities may be caused by improper fixation 
since the}^ may show up in only one or two 
amidst a large number of perfectly well stained 
consecutive serial sections. Nonspecific impreg- 
nations may also occur; they can be recog- 
nized as such by incubating inactivated slides 
(treated for 10 minutes with LugoFs solution 
or with any N mineral acid) as controls. The 
inactivated sections will show the same arti- 
facts. 

In successful slides, however, there is a 
typical localization of the reaction, varying 
somewhat with different species. The enzyme 
is present mainly in the cytoplasm (often in 
a granular form) but also in some of the 
nuclei. ]Moderate amounts are found in many 
tissues such as the liver, where its distribu- 
tion often but not invariabh’' follows that of 
glycogen; in the secretory^ portions of the 
renal tubules; in the adrenal cortex; in the 
small intestine where its localization is simi- 
lar to that of alkaline phosphatase; in the 
epithelial lining of the bronchi; in the beta 
cells of the pancreatic islets of the mouse (not 
constantly): in the lachrvTnal gland of the 
hamster: and many others. However, a very 
intense reaction, much stronger than at the 
sites mentioned, is obtained in two tissues: 
the grey matter of the central nervous system 
(especially that of the cerebellum), and in 
malignant tumors. Twent\’-four adenocarcin- 
omas of the gastrointestinal tract. 4 squamous 
carcinomas, 2 hypernephromas and a number 
of other epithelial tumors such as embryonic 


carcinomas of the testis, cancers of the pros- 
tate, breast and bronchi, Walker rat carcin- 
omas No. 256 and a butter yellow tumor 
stained very intensely and selectively. The 
reaction may start quite abruptly at tlie 
border of the malignant change, or the normal 
tissue may show a slight to moderate staining 
up to a distance of 1 or 2 mm from the 
edge of the neoplasm. In a few cases where 
the neoplasm showed various degrees of atypia 
in its different portions, the most atypical 
portions showed the most intense staining. So 
far not a single carcinoma has been found out 
of a total of 64 cases which did not show a 
sufficient reaction to set it off sharply against 
its environment. With sarcomas the results 
were much less constant. Some of them did 
not stain at all; others stained in an uneven, 
patchy way, and only a few stained as uni- 
formly as carcinomas did. Two papillomas of 
the bladder, questionably malignant, stained 
moderately heavily. Granulomas such as sar- 
coidosis and human tuberculosis usually did 
not stain or showed a faint to moderate reac- 
tion in the giant cells and, rarely, even in the 
epitheloid cells. Tubercles in the guinea pig 
stained rather h^vily. 

Sumf?iary. A histochemical method for the 
demonstration of sites of phosphamidase ac- 
tivity is described. Small amounts of the 
enzymae are present in many normal tissues; 
large amounts are found in the grey matter of 
the central nervous system and in malignant 
epithelial tumors. 
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Waen an intradermal injection of toxin 
derived from certain Gram-negative micro- 
organisms is followed, after a period of ap- 

* Tins work was by a grant trnni the Lifo 
Insurance ifeulcal Boswireb Pumi. 


prordmately 20 hours, by an intravenous in- 
jection of similar bacterial toxin, a gross hem- 
orrhage involving the entire injected skin 
area occurs. This hemorrhagic reaction has 
become known as the Shw'artzman phenom- 
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Inhibition of the Shwartzman Phenomenon 


enon, in acknowledgement of the investigator 
who originally described 

During the course of recent studies on the 
mechanism of the Shwartzman phenomenon, 
it was found that the hemorrhagic reaction 
could be completely inhibited by the applica- 
tion of certain organic solvents to the pre- 
pared skin site, prior to the intravenous in- 
jection. It was also observed that these 
substances caused a marked increase in the 
permeability of the vessels of normal skin to 
circulating dye. 

Materials and methods, Male white rab- 
bits weighing from 1.8 to 2.5 kg, were used in 
all experiments. The entire abdomen was 
freed of hair by clipping and shaving at least 
24 hours before the experimental day. 

The bacterial toxins employed were 1) 
Meningococcal toxin No. 44B,t2) a purified 
polysaccharide derived from culture filtrates 
of Serratia marcescens,^ and 3) an “agar 
washings” filtrate prepared from cultures of 
B, coll according to Shwartzman's technic.- 

Each bacterial toxin was titrated in 3 or 
more rabbits to determine its skin preparing 
potency. Similar titrations were carried out to 
ascertain the optimal amount of each prepara- 
tion for intravenous provocation of the phe- 
nomenon. The dose of each toxin to be used 
intradermally in the following experiments 
was arbitrarily chosen as that amount which, 
when injected intradermally in a volume of 
0.5 cc, resulted in satisfactory skin prepara- 
tion of at least 75% of the rabbits tested. The 
intravenous dose of each agent was chosen as 
that amount, which, when injected intraven- 
ously in a volume of 2.0 cc, elicited positive 
reactions in at least 75% of satisfactorily 
prepared rabbits. 

In testing the inhibitory property of locally 
applied substances, two skin areas were pre- 
pared by the intradermal injection of toxin, 

1 Shwartzmiin, G., Proc. Soc. Exi*. Biou and 
Med., 192S, 155, 5G0. 

t Obtained from Br. Gregorv yiiwartzinan, and 
prepared by the method of this author.- 

t Obtaiued from Dr. Murray Sliear. 

e Shwartzman, G., Phenomenon of Local Ti^uQ 
Reactivity. Paul B. Hoeber, Inc., New York. 
1937. 


one on each side of the abdomen. These in- 
jections were spaced as far apart as possible, 
and the side used for testing inhibition was 
alternated in the rabbits of each experimental 
group in order- to avoid the effect of possible 
differences in the natural susceptibility of the 
two sides of the abdomen.^* 

Results, The effect of a single application 
of bromobenzene was tested by applying this 
substance with a cotton swab over one side of 
the abdomen, at various times before and after 
an intradermal injection of bacterial toxin had 
been made on both sides. The intravenous in- 
jection of bacterial toxin was given 20 hours 
after the intradermal injection. 

The inhibitory effect of bromobenzene is 
illustrated in Table I, in which it will be seen 
that when the local application was made at 
the same time as the intradermal injection of 
meningococcal toxin, or at various times there- 
after up until the time of tlie intravenous in- 
jection, the Shwartzman phenomenon did not 
occur. Similar results were obtained in ex'peri- 
ments using S. marcescens and B, colt toxins. 

Maximum inhibition was brought about 
when bromobenzene was applied between 16 
and 20 hours after skin preparation, as is indi- 
cated in Table I. When the skin was painted 
before the intradermal injection, no inhibition 
occurred; indeed, in a limited number of ob- 
servations it appeared that the lesions in such 
areas tended to be more extensive than in un- 
painted control sites. When painting ivas 
delayed until 21 hours, or one hour after the 
intravenous injection, inhibition was not ob- 
served. 

Various amounts of bromobenzene were 
dissolved in ether and tested 18 hours after 
skin preparation, in order to determine the 
concentration necessary for the effect. It 
was iound that inhibition occurred regularly 
with 25 and 50% solutions, while the effect 
was less uniformly obtained with 5% and 
not at all with 1% solutions. 

In subsequent experiments, other organic 
solvents were tested for sinif/ar inhibiting 
properties. Chlorobenzene, iodobenzene and 
benzene caused inhibition of the Shwartzman 
phenomenon, alUiough the degree of inhibition 
was not as conjplete as with bromobenzene. 
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TABLE 1. 

lahibitiwi of tho Sbwartzman Phenomenon by Local Application of Bromobeiizene at Various 
Intervals Before and After the Intradermal Injection of Meningococcal Toxin. 


Shwartzman reaction* 


Bromobenzene applied to skin 

No, of 
rabbits 

r 

Bromobenzene 
treated side 

-r r, . .rr,. , ^ 

Untreated 

side 

inhibition 

24 br before preparation 

4 

4* 

4 

0 

^ Si >i 

Si 

7 

7 

7 

0 

At same time as preparation 

6 

3 

6 

so 

4 hr after 

a 

4 

1 

4 

75 

8 ** 

j I 

4 

1 

4 

75 

IQ Si a 

Si 

4 

0 

4 

100 

18 ” " 

Si 

6 

0 

6 

100 

20 ’’ 

Si 

4 

0 

4 

100 

211 ” ” 

is 

3 

3 

3 

0 


* Figures refer to number of rabbits showiug hemorrhagic reaction at indicated skin area 
following intravenous injection of meningococcal toxin. Latter Injection given at 20 hours 
after skin preparation. 

t These rabbits received intravenous toxin one hour before the application of bromobeuzene. 


Chloroform and methyl salicylate, when ap- 
plied 20 hours after the intradermal injection, 
caused inhibition In a majority of animals, but 
these agents yielded less constant results when 
applied at earlier intervals. Ether, acetone 
and alcohol had no effect on the Shwartzman 
phenomenon. In order to test the effect of 
a substance with primary skin irritative ef- 
fects but witliout solvent action, 10% for- 
malin was applied in a series of rabbits; this 
material had no effect on the phenomenon. 

Observations were made on the local re- 
action of normal rabbit skin to single and 
repeated applications of bromobenzene. With- 
in 30 to 60 minutes after a single painting, 
the skin exhibited a slight erythema. Dur- 
ing the next few hours some edema occurred 
in the painted area in many of the animals. 
After 12 hours the skin usually appeared nor- 
mal. However, after several days some super- 
ficial flaky desquamation of the skin com- 
monly occurred. It was of incidental interest 
that the regrowth of hair on the shaven 
abdomen occurred more rapidly during the 
following weeks in areas which had been 
painted with bromobenzene. The effect of 
repeated painting with bromobenzene was 
similar to that following a single application, 
but the edema and desquamation were more 
extensive. 

It is known that irritation of normal skin 
may cause an increase in local permeability to 
circulating dyes.^ The effect of bromoben- 


zene on permeability was tested by applying 
this substance to the skin of normal rabbits 
which were simultaneously given an intraven- 
ous injection of 5 cc of 5% Evans Blue Dye 
(T-1824), It was found that wthin 5 min- 
utes after painting with bromobenzene, the 
painted area became deeply stained with dye. 
The local accumulation of dye was sharply 
confined to the painted area and outlined 
almost exactly the extent of application of 
the swab. The skin remained deeply stained 
for about 12 hours, after which fading oc- 
curred gradually. 

Before testing the effect of bromobenzene 
on the permeability of the vessels in skin 
tissue which had been prepared for the 
Shwartzman phenomenon, it was of interest 
to determine whether such tissues showed 
any increase in permeability to Evans Blue 
dye. Accordingly, rabbits were given intra- 
dermal injections of meningococcal toxin and 
at various intervals thereafter were given an 
intravenous injection of 5 cc of S% Evans 
Blue. It was observed that the prepared skin 
did not become stained at any time up until 
the actual precipitation of hemorrhage fol- 
lowing the intravenous injection of toxin. 
These results were similar to those described 
by Bordet, •* who used trypan blue dye in 
similar e.xperiments. 

3 3Xenkin, V., Dynamics of Inflammation, ~The 
StacmiHaa Co., Xew Vork. 1940. 

< Bordet, P., Ann. Imt. Pasteur, 193G, ofi, 325. 
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Having ascertained that skin areas with inhibition of the phenomenon was. in fact, 
meningococcal toxin were not more permeable produced by bromobenzene does not indicate 
to circulating dye than normal rabbit skin, 
the effect of bromobenzene on prepared skin 


was determined. The results were quite dif- 
ferent from those seen in normal skin. When 
hromohenzene was applied to an area which 
had been injected intradermally with toxin 
eighteen hours previously, and an intravenous 
injection of Evans Blue given simultaneously, 
no dye appeared in the prepared area. When 
a large surface of the abdomen of a prepared 
rabbit was painted, the contrast between the 
deep blue staining of the surrounding normal 
skin and the pink, unstained prepared area 
was striking. 

These observations suggested that the ves- 
sels in a prepared skin area were actually less 
permeable to dye than normal vessels, or 
were less responsive to the permeability-en- 
hancing property of bromobenzene. Similar 
results were obtained with surface applica- 
tions of chlorobenzene, iodobenzene, and ben- 
zene, and to a less striking degree with chloro- 
form and methyl salicylate; in each instance 
normal skin showed staining with the dye 
while prepared skin showed little or no stain- 
ing. 

Discussion. The inhibition of the Shwartz- 
man phenomenon by the local application of 
bromobenzene and certain other organic sol- 
vents was a somewhat accidental finding. As 
a result of certain other experimental data/^ 
an hypothesis was entertained which implicat- 
ed sulfhydryl-activatable tissue proteolytic 
enzymes, or '^cathepsins'’, in the mechanism of 
damage to blood vessel walls in the Shwartz- 
man phenomenon. Crabtree"^ demonstrated 
that the application of bromobenzene caused 
prompt reduction in the amount of glutha- 
ihione in skin tissue, presumably as the result 
of local detoxification of bromobenzene. Ac- 
cordingly, the possibility was consider^ that 
an application of bromobenzene to a skin area 
which had been prepared for the Shuartz- 
man phenomenon might inhibit the hemor- 
rhagic reaction by interfering with the activa- 
tion of tissue protease. The fi nding that 

"^^TUouuis, H., and Stetson, C. -V., in 
tiCrnbtrcf, 11. G., Ciwcer 


that this is the mechanism by which the 
inhibition took place, in view of the obser\’a- 
tion that other unrelated substances such as 
chloroform and methyl salicylate cairsed a 
similar effect. 

The capacity of bromobenzene, as well as 
the other solvents tested, to bring about a 
local increase in the permeability of normal 
skin to circulating Evans Blue dye offers a 
second possible e.vplanation for the inhibitory 
action of these substances on the Shwartzman 
phenomenon. Although no incretised per- 
meability was demonstrable in prepared skin 
tissue by the dye method, it is reasonable to 
assume that a similar change, although less in 
degree, may have occurred. Under such a 
circumstance, inhibition of the Shwartzman 
phenomenon may have been caused by the 
advent of an inhibitory substance from the 
blood into the prepared area, or by the de- 
parture of a damaging substance from the 
prepared area. 

The third possible e.xplanation to be con- 
sidered is that the inhibition is the result of 
a wholly non-specific damaging action of 
bromobenzene on the skin blood vessels, in- 
terfering with their reactivity to a variety of 
other stimuli. 

The question of the permeability of skin 
capillaries is of importance in considering the 
pathogenesis of the Shwartzman phenome- 
non. If these vessels were more permeable than 
normal, as is reported to be the case in other 
varieties of inflammatory tissue,^ the ac- 
cumulation of toxic material from the circu- 
lating blood would require consideration as a 
possible mechanism for the tissue damage;'**” 
even though the likelihood of bacteria! toxin 
having a direct hemorrhagic effect in such 
small concentrations seems remote. The 
studies of blood vessel permeability with in- 
travenously injected Evans Blue dye indicate 
that the prepared skin is not more permeable 
to this material, and the results obtained with 
bromobenzene suggest that the vessels are 
less permeable, at least to this type of per- 
m eabili ty- enha n cing s t im ul us. 

A. UKIT, m, ” 
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Other studies in this laboratory^ have shown 
that skin tissue prepared for the* Shwartzman 
phenomenon exhibits an abnormal degree of 
aerobic glycolysis and lactic acid accumula- 
tion. Whether this alteration is related to an 
impairment in the permeability of vessels in 
prepared skin is a subject for further investiga- 
tion. It is of interest to note that the applica- 
tion of broraobenzene to prepared skin had 
no demonstrable effect on the degree of aerobic 
glycolysis exhibited by such tissue.® 

Sumtnary, Complete inhibition of the 
Shwartzman phenomenon was produced by a 
single application of bromobenzene to the 
surface of prepared skin areas at any time dur- 
ing the 20 hours after the intradermal injec- 
tion of bacterial toxin. Similar results were 
obtained with other benzene derivatives^ and, 


s tlnpublished observation. 


less constantly, vdth chloroform and methyl 
salicylate. 

Areas of rabbit skin which were prepared 
by the intradermal injection of meningococ- 
cal toxin showed no increase in permeability 
to Evans Blue dye, when the dye was injected 
intravenously. 

A single application of bromobenzene to 
the surface of normal rabbit skin resulted in 
the prompt appearance of intravenously in- 
jected Evans Blue dye in the painted area. 
In contrast, little or no dye appeared in 
painted areas which had previously been in- 
jected with meningococcal toxin. Similar 
results were obtained when skin was painted 
with other benzene derivatives, chloroform 
and methyl salicylate. 

The possible bearing of these observations 
on the problem of the mechanism of the 
Shwartzman phenomenon is discussed. 
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The capacity of dinitrophenol (DNP) to 
cause hyperthermia in animals through accel- 
erating heat production is well known. In 
animals at low environmental temperatures, 
however, it reduces body temperature and 
total heat production,^ apparently through 
reducing the activity of the cold defense 
mechanism, as shown by depression of shiv- 
ering.- In discussing the mechanism of this 
inactivation of cold defense, Hall, Crismon 
and Chamberlin- suggested two possibilities: 

' This work was done under a contract between 
the .Vir Materiel Command, Wright Field, and 
Stanford University. 

iGiaja, J.. and Dimitrijevic, I. N., Arch* tnfer- 
nat. Fharm, Ihcrap., 1933, *15, 342; Tainter, M. 
L., J, Fharm* Exp, Jhrrap., 1934, 51, 45. 

**2 Hall. V. E-. Crismon, J. M., and Clmmberlin, 
V, E., J. Pharm, Exp* Thcrap., 1937, 50, 193. 


(a) DNP might depress the centers involved 
in cold defense by a nonspecific toxic action 
similar to that by which it depresses other 
nervous processes such as spontaneous running 
activity;® (b) DNP, which increases the oxy- 
gen consumption of cerebral cortical tissue in 
concentrations likely to be attained when 
ordinary doses are injected,*^ might accelerate 
the metabolic activity of the temperature regu- 
lating centers, so causing the centers to behave 
as if heated which would reduce or abolish 
shivering. If the latter were the case, one 
would expect from the known reciprocal re- 
lationship of the cold and heat defense 
mechanisms that, when the body temperature 

3 Hall, Y. E., aud Lindsay, M,, jr. Pl^rm* Exp, 
Thcrap*, 1934, 51, 430. 

4 Fubrman, P. A., and Field, J., Pkoc. Soc. Exp. 
Biol, and 1942, 40, 504. 
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T-YBLE I, 

Effi^et of Bluitropbonol uiul ot* Salt Solution ou ThrobUoI^I for Thermal Polypnea of KnUnti. 


Rabbit 

Normal thresIioUl 

DNP threshold 

Change tu tUri-shoM 

No. 





A. Diintrophenol (20 ing per kg) 


lA 

39,4 

41.0 

-rl*0 

IB 

40.1 

41.0 

4-0.9 

2A 

40.4 

41.9 

4-1.5 

2B 

40,0 

40.7 

—0.2 

20 

40.9 

41.4 

-pO.o 

3A 

40.0 

40.0 

4-0.0 

3B 

39.5 

40.2 

4-0.7 

4A 

40.3 

41.7 

-hb4 

4B 

40.1 

41.0 

4-1.5 

40 

40.1 

41.0 

+0.9 

Avg 

40.2 

41.1 

+0,9 


B, Controls \v 

itii physiological salt solution 


Rabbit No. 

Normal thresholci 

Threshold after saline 

Change in threshold 

5A 

39.5 

39.1 

—0.4 

5B 

30.0 

39.0 

0.0 

50 

39.1 

39.0 

+0.O 

(JA 

39.0 

38.1 

—0.9 

UB 

38.4 

3S.3 

—0.1 

Avg 

39.0 

38.8 

— U.2 


is raised, processes accomplishinfi; heat loss 
should be more readily activated under the 
influence of DNP than in its absence. Among 
other effects, DNP should (at constant en- 
vironmental temperature) reduce the body 
temperature level at which thermal polypnea 
appears. The e.\periments described here 
were designed to test this possibility". 

Albino rabbits weighing between 2 and 3 kg 
were placed in a box in which the air tempera- 
ture was maintained at 2 ""). This en- 

vironmental temperature is higher than that 
at which the rabbit can maintain a constant 
body temperature. Accordingly a progressive 
rise in body temperature occurred, and with 
it a rise in respiratory rate. When the latter 
reached 300 per min.^ the rectal temperature 
was measured wiUi a mercury thermometer. 
This value was designated as the normal 
threshold for thermal polypnea. 

The rabbits were then placed in a refriger- 
ator at about lO' C per 45 to 60 min. Their 
rectal temperatures were reduced by this 
procedure to values well below the normal 
thre.shold for thermal polypnea. dose of 20 
mg per kg of the sodium salt of 2ri-dimtro- 
phenol was then injected intramuscularlLv and 
the rabbit,s returned to the box at oO C. A^ 
their rectal temperatures rose under the com- 


bined action of the high environmental tem- 
perature and the calorigenic action of the 
drug» the respiratory rate accelerated. The 
rectal temperature at which it again reached 
300 per min. was determinetl and designated 
as the DXP threshold for thermal polypnea. 

The results of 10 such experiments are 
shown in Table I. With one exception, tlie 
DXP thresholds for thermal poIyi)nea are 
greater than the corresponding normal thresh- 
olds. The average change in threshold after 
DXP was -f0.9X\ The chances that these 
results could have occurred by diance have 
been calculated to be less than one in one 
thousand. 

A second series of 5 rabbits was treated in 
the same manner except that a vtdume of 
physiological salt solution equal to the volume 
of DXP solution was injected. The results, 
airo given in Table I, show an average re<luc- 
tiun of the thre.shold determined after saline 
injection amouniing to 0.2 C*. This lindmg 
rules out tlie po.s.dbility that, in the DXP 
series, the elevated tiireshold might be due 
to factor .5 other than those attributable to 
DXP it-^eli. 

In view of the possibility that the do^e 
of 20 mg per kg might have toxic effects not 
shown bv lower doses, a rabbits subjected to 
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the procedure described above, were given 
doses of 10 mg per kg. The rectal tempera- 
tures at which respiratory rates of 200 per 
min. \Yere attained before and after DNP 
respectively were: 59.S and 40.2; 39.8 and 
40.0, and 39.6 and 39.8°C, the threshold 
being increased by an average of 0.3 °C. This 
difference is smaller than but in the same 
direction as the difference obtained with the 
larger dose of DNP. 

Conclusion, We may conclude that DNP 


in doses of 10 and 20 mg per kg, although it 
does not prevent the occurrence of thermal 
polypnea, does significantly increase the rectal 
temperature level at which such pol>i>nea ap- 
pears. It accordingly appears that DNP does 
not sensitize the heat defense mechanism as 
would be required by the second hypothesis 
stated above. Rather it suggests that DNP 
depresses both heat and cold defense mechan- 
isms by a nonspecific toxic action. 
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Effect of Insulin on Rate of Metabolism of Ethyl Alcohol. 

Henry W. New^ian and Windsor C. Cutting. 

^rom the Depart jnenis of Medicine and of Pharmaeolopy and Therapeutics^ Stanford V nicer- 
sity School of Medicinct San Frojictsco, Calif. 


A review of the literature shows that the 
great majority of workers who have investigat- 
ed the problem found that insulin in adequate 
dosage was effective in accelerating the rate 
of metabolism of alcohol. Thus Supniewski^ 
showed that 1 unit of insulin per kg adminis- 
tered to rabbits about doubled the rate at 
which alcohol disappeared from the blood. 
Newman and Cutting- gave the same dose of 
insulin to 2 human subjects after administra- 
tion of alcohol intravenously and found a 
increase in rate of metabolism. Serianni^ 
found a similar increase in man after a dose 
of 20 units of insulin per individual. Widmark^ 
showed that 0.85 unit per kg in the dog 
accelerated the rate of alcohol metabolism, 
particularly in dogs with an initially low rate 
of metabolism of alcohol, but that the effect 
varied in intensity from dog to dog and in 
the same dog from day to day. Clark and 
his associates^*® gave doses of I and 2 units 

1 Supmewski, J., J. DioL Chcnu, 1920, 70, 13. 

-Xewiijan, II. W., and Cutting, IV, C., J, CUn. 
Invcsl^t 1035, 14, 945. 

3Senanui, B,, JL C. Jocad. 1935, 21, 

394. 

*iWidmark, E. P., Biochcm. Z., 1935, 282, 
79. 


per kg to dogs and found a significant increase 
in rate of disappearance of alcohol from the 
blood. 

Gregory. Ewing and Duff-White,^ on the 
contrary, reported that “there is no evidence 
from 24 experiments in 6 dogs that insulin, 
glucose, or insulin plus glucose increases the 
rate of metabolism of ethyl alcohol.” They 
refer to certain reports in the literature in 
support of this finding. Thus Herschf elder 
and ^laxwell^ concluded that insulin in doses 
up to 3 units per kg did not expedite the 
disappearance of S3’^mptom5 of intoxication in 
the rabbit. When one considers that such 
doses of insulin might well in themselves in- 
duce a state similar to alcoholic intoxication in 
its symptomatology, one is not justified in 
drawing any conclusions from these experi- 
ments regarding the effect of insulin on rate 
of alcohol metabolism. Fleming and Rey- 

^ Clark, B., and Xlorrissey, B., ^m. J. Dhy:>iol., 
193S, 123, 37. 

G Clark, B., Mornssey, K., Fazekas, J., and 
AVelch, C., QuurC J, Studios Ale., 1941, 1, 663. 

7 Gregory, R., Ewing, P., and DuffAYliite, T., 
Proc. Soc. Exp. Biol, akd Med., 1943, 54, 206, 

s Hirschfelder, A, D., and Maxwell, H. C,, Am. 
J. Physio}., 1924, 70, 520. 
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Dl^niROPHENOL ON BODY TEMPERATURE THRESHOLD 


X«. 

Effect of Dlnitroplicnol ami of Salt S^tion on Tiireshold for Thermal Pol>-pHea of Babbits. 


Rabbit 

Xo. 

Normal threshold 

DNP threshold 

Chaage in threshold 


A, Biuitroplienol (20 mg per kg) 


lA 

39.4 

41,0 

+1.6 

IB 

40.1 

41.0 

-fO.9 

2A 

40,4 

41.9 

4-1,5 

2B 

40.9 

40.7 

—0.2 

2C 

40.9 

41.4 

4-0.5 

3A 

40.0 

40.9 

-fO.9 

3B 

39.5 

40.2 

4-0.7 

4A 

40.3 

41.7 

4-1.4 

4B 

40.1 

41.0 

4-1.0 

40 

40.1 

41.0 

-fO.9 

Avg 

40.2 

41.1 

4-0.9 


B. Controls with physiological salt solution 


Rabbit Xo. 

Normal threshold 

Threshold after saline 

Change in threshold 

oA 

39.5 

39.1 

—0,4 

oB 

39.0 

39.0 

0.0 

50 

39,1 

39.6 

4-0,5 

OA 

39.0 

38.1 

-—0.9 

OB 

38.4 

38.3 

—0.1 

Avg 

39.0 

38.8 

—0,2 


is raised, processes accomplishing heat loss 
should be more readily activated under the 
influence of DNP than in its absence. Among 
other effects, DXP should (at constant en- 
vironmental temperature) reduce the body 
temperature level at which thermal polypnea 
appears. The experiments described here 
were designed to test this possibHhy. 

Albino rabbits weighing between 2 and 3 kg 
were placed in a box in which the air tempera- 
ture was maintained at 30° C 2°). This en- 
vironmental temperature is higher than that 
at which the rabbit can maintain a constant 
body temperature. Accordingly a progressive 
rise in body temperature occurred, and with 
it a rise in respiratory rate. When the latter 
reached 300 per min., the rectal temperature 
was measured with a mercury thermometer. 
This value was designated as the normal 
threshold for thermal polypnea. 

. The rabbits were then placed in a refriger- 
ator at about 10°C per 45 to 60 min. Their 
rectal temperatures were reduced by this 
procedure to values well below the normal 
threshold for thermal polypnea. A dose of 20 
mg per kg of the sodium salt of 2,4-dinftro- 
phenol was then injected intramuscularly and 
the rabbits returned to the box at 30" C. As 
their rectal temperatures rose under the com- 


bined action of the high environmental tem- 
perature and the calorigenic action of the 
drug, the respiratory rate accelerated. The 
rectal temperature at which it again reached 
300 per min, was determined and designated 
as the DXP threshold for thermal polypnea. 

The results of 10 such experiments are 
shown in Table I. With one exception, the 
DNP thresholds for thermal polypnea are 
greater than the corresponding normal thresh- 
olds. The average change in threshold after 
DXP was +0.9 °C. The chances that these 
results could have occurred by chance have 
been calculated to be less than one in one 
thousand. 

A second series of 5 rabbits was treated in 
the same manner except that a volume of 
physiological salt solution equal to the volume 
of DXP solution was injected. The results, 
also given in Table I, show an average reduc- 
tion of the threshold determined after saline 
injection amounting to 0.2 'C. This finding 
rules out the possibility that, in the DXP 
series, the elevated threshold might he due 
to factors other than those attributable to 
DXP itself. 

In view of the possibility that the dose 
of 20 mg per kg might have to.xic effects not 
shown b\' lower doses, 3 rabbits subjected to 
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Blood alcohol coucentrations after intravenous 
injection of 1.5 g of alcohol per kg in a dog. 
Three control injections are represented by crosses, 
open circles, and dots. Tavo injections with in- 
sulin 1 unit per kg are shown with open squares 
and open triangles. The best fitting lines between 
these points are extrapolated to the base line to 
estimate the time of disappearance of alcohol from 
the blood stream. 

on each dog. Then the same procedure was 
repeated after administration of a single dose 
of 1 unit of regular insulin per kg, and in the 
animal which showed the greatest accelera- 
tion the insulin run was repeated so that we 
could be doubly sure of the results. The 


results are presented in Table I, and those in 
the dog which had the 2 trials with insulin 
are shown graphically in Fig. 1. It is seen 
that 2 of the 3 animals responded to this dose 
of insulin by an increase in rate of alcohol 
metabolism of approximately 50^, while 
the slight increase in the third animal, al- 
though deviating from the average of the con- 
trol values by a considerable margin over the 
range of these values, was far less striking. 
The same procedure was repeated with two 
other dogs, with the exception that the dose 
of insulin was reduced to 0.5 unit per kg. In 
neither animal did this smaller dosage of in- 
sulin produce any acceleration of alcohol 
metabolism. 

Summary. Insulin in a dose of 1 unit per 
kg was found to be variably effective in accel- 
erating the rate of alcohol metabolism, the 
effect being striking in 2 dogs, much less in 
another. This is in accord with the variable 
results reported by Widmark.*^ Half this 
dose was entirely ineffective in 2 dogs. The 
failure of Gregory and coworkers^ to demon- 
strate this accelerating action of insulin in 
adequate dosage must be due to the possibility 
that their 6 dogs fell, by chance, into the 
group of animals which does not show a 
striking acceleration with insulin. 
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Prolongation of Pseudopregnancy by Deciduomata in the Rat.^ 

B. !M. Peckhaxi and R. R. Greene. 

From the Departments of Fhysiology and Obstetrics and Gynecologyf Xorihicestcrn University 


Medical School^ 

Astwood and Greep^ have stated that the 
presence of deciduomata in the rat does not 
prolong the diestrus of pseudopregnancy. 
Ershoff and Deuel r however, have presented 

* Supported in part by a grant from Ciba Phar- 
maceutical Products, Inc. 

1 Astwood, E. B., and Greep, B. 0., Pnex;. Soc. 
Exp. Biol, and Med., 193S, B8, 713. 

2 Ershoff, B. H., and Deuel, H. X, Puoc. Soc. 
Exp. Biol, .vxd Med., 1943, 54, 1C7. 


Chicago, 111. 

data showing pseudopregnancy in the rat to 
be prolonged as much as 7 days by produc- 
tion of deciduomata. More recently Kamell 
and Atkinson^ reported that deciduomata do 
not prolong pseudopregnancy in the mouse. 
The following data confirm those of Ershoff 
and Deuel. 


3 Kamell, S. A., and Atkinson, W. B., Psoc. Soc. 
E.XP. Biol. .\xd :Med., 1948, C7, 415. 
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nolds^ gave one human subject a dose of 10 
units of insulm and found no effect on the 
rate of disappearance of alcohol injected intra- 
venously. Here the dosage is conspicuously 
lower than that employed by those workers 
cited above who found an effect from insulin. 
The work of Goldfarb, Bowman and Parker^® 
can hardly be classed as supportive, since 
they found that while neither insulin nor glu- 
cose alone expedited the removal of alcohol 
from moderately intoxicated patients, a com- 
bination of the two was effective. Neither can 
the unelaborated statement of Mirsky and 
Nelson^^ that in dogs ^^treatment with insulin 
and glucose’" had little effect on the rate of 
alcohol metabolism be very heavily weighted 
as evidence. Thus it is seen that the evi- 
dence in the literature referred to by Gregory 
and coworkers is not impressive. However, 
a short communication by Harger and Hul- 
pieu^- is less easily disposed of. These work- 
ers found that the rate of fall of alcohol con- 
centration in dogs after gastric administra- 
tion of doses from 1.5 to 3.0 g per kg was 
not changed by the administration of 1 unit 
of insulin per kg, alone or with glucose. Greg- 
ory and coworkers would, however, object to 
this work on the basis that the alcohol was 
given by mouth, since they reported that after 
gastric administration the blood alcohol levels 
were so variable, and disappearance curves so 
irregular, that this was an unsatisfactory 
method of giving alcohol for this type of 
investigation. 

For this reason, they" administered the 
alcohol intravenously, and followed the con- 
centration in the blood until it approached 
zero. They published one graph which shows 
the curves of blood alcohol concentration in 
one dog after a control dose of 2.0 cc per kg of 
alcohol alone, alcohol and glucose, alcohol and 
insulin 1 unit per kg, and finally alcohol and 

opieuiing, B., and Beynolds, B., Pharmacol, 
and Exp. Therap.j 1935, 54, 236. 

lOGoldfarb, W., Bowman, K. and Parlier, 
S., d. Clin. Invest., 1939, IB, 581. 

11 ilirskr, I, A., and 2^elson, N., Ani. J. PhysioJ., 
1939, 137, SOS. 

i^Haxger, B. N., and Hulpieu, H. B., /. Phar- 
macol. and Exp. TUerap., 1935, o4, U5. 


combination of insulin and glucose. All of 
the curves reached the base line in from 11 
to 12 hours, so that there is no evidence in 
this dog of acceleration by insulin. The auth- 
ors stated that the results in the other 5 dogs 
were ^^practically identical”, but did not pub- 
lish the data on which they based this state- 
ment. 

In view of the conflict of these results with 
most of the reported work, including our oto 
work in man where the method of procedure 
was practically identical, it was felt that 
further investigation of the problem, adher- 
ing closely to the methodology of Gregory and 
CO workers, was indicated. 

To this end, alcohol was administered in- 
travenously to each of three dogs in a dose 
approximating 2 cc per kg, and the blood 
alcohol concentration followed with serial 
samples until it approached zero. Analyses 
for alcohol were carried out according to the 
method of Newman.^^ Extrapolation of the 
best-fitting line between these points to the 
base line was used to estimate the time re- 
quired for disappearance of alcohol, and from 
this it was a simple matter to calculate the 
average rate of metabolism in mg per kg per 
hour. In order to establish fully the range of 
variation in this rate in a given dog from day 
to day, 3 controls with alcohol alone were run 


TABLE I. 

Bate of Metabolism of Alcohol With and Without 
Insulin in Dosage of 1 Unit per Kg Body Weight. 





Bate of metabolism 








Wt 

Bose alcohol 

mgAg/hr 

X>og 


g/^g 

Control 

Insulin 

1 

23 

1,5 

102 




1.5 

98 




1.5 

103 




1.5 


143 

o 

21 

1,5 

123 




1.5 

102 




1.5 

107 




1.5 


158 



1.0 


164 

5 

10.5 

1.43 

102 




1.43 

104 




1,43 

106 




1.43 


112 


33 Newman, H. W., J. Pharmacol, and Exp. 
Therap., 1936, 50, 278. 
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Effect of Cardiac Drugs on the Phosphorylated Intermediates of the Rat.*' 

T. E. KiituRA. (Introduced by E. M. K. Ceiling.) 

From the Department of Fhannacologp, Univcrsitj/ of CUicagOf ChicagOj III. 


Reports'"^ have appeared in the literature 
on the effects of cardiac drugs on glycogen 
metabolism of laboratory animals. Several 
studies on the effect of cardiac drugs on 
the concentration of certain acid-soluble phos- 
phorus compounds have been reported. These 
findings have been summarized in a recent 
revieu^ on the biochemistry and pharmacology 
of the heart. Wollenberger^ concluded from 
his studies on dog heart-lung preparations that 
the primary action of cardiac glycosides must 
be concerned with a phase of myocardial con- 
traction other than the generation of utiliza- 
ble chemical energy. On a series of perfusion 
studies of the isolated hearts of cats, rabbits, 
and rats, with digitoxin, Sjoerdsma et ah^ re- 
ported that the appearance of creatinine in 
the perfusion fluid is not altered. However, 
no systematic analysis of the phosphorylated 
intermediates of glycolysis has been reported. 
The purpose of the present investigation was 
to measure the concentration of a number of 
phosphorylated intermediates of glycolysis 
under various conditions of treatment with 
cardiac drugs. 

ExperimentaL Xormal Sprague-Dawley 

* This work uns supported by grants from the 
Life Insurance Medical Research Fund, The 
digitoxin used in these experiments n'as kindly 
supi>lied by Dr. K. K. Chen of the Lilly Research 
Laboratories, Indianapolis, Ind. 

1 Liebig, H.. Arch, exp. Path. PhannakoL. 1940, 
196 , 137 , 

- Cherkes, A. I., Acta Ma?., 1940, 3, 

155. 

2 Bomskov, C., Arch. exp. Path. P/mrwmkn?,, 
1941, 19S, 232. 

^ Chen, G., and Geiling, E. M. K., Schwei:;. dfei?. 
\yoc)ifn.^chrtft. Basle, 1947. 

3 WoUenberger. A.. Am, J. Phgsiol, 1047, loO, 
733, 

« 5^joerdsma, A., Kun, E., Schueler, F. IV., and 
BoValle. J. E„ pRoc. Soc. Exr*. Biol, axd Med., 
194S, G7, 144, 


rats of approximately 250 g ivere digitalized 
intraperitoneally by the daily administration 
of 12 mg/kg of crystalline digitoxin in pro- 
P 3 ’lene glycol for 3 da^^s. Control animals 
received equivalent amounts of the solvent 
throughout the digitalization period. Follow- 
ing a fasting period of 24 to 36 hours, the 
animals were anesthetized by the intraperi- 
toneal injection of 45 nig/kg of sodium pento- 
barbital, and decapitated immediately after 
light anesthesia. The tissues were quickly 
blotted on filter paper and frozen between 
slabs of dry ice, weighed^ and the phosphorus 
fractions then measured according to the 
methods outlined by LePage and Umbreit.'^ 
Glycogen in normal and digitalized rat heart 
was determined on separate samples of tissues 
by the method of Good et ai.^ The method 
of Folin and ^lalmros^ was used for measur- 
ing the glucose after hydrolysis of glycogen. 

None of the digitalized animals elicited any 
S3’mptoms of over-digitalization; such as trem- 
ors or convulsions. The data presented in 
Table I indicate that digitoxin produced no 
marked alteration in the distribution of the 
acid-soluble phosphorylated intermediates of 
the rat heart. Although reports have ap- 
peared in the literature on changes in the 
phosphocreatine content of the heart under 
the influence of cardiac drugs, no such effect 
was noticed, trnder the conditions of the ex- 
periment. 

Results presented in Table 11 indicate that 
there was no marked difference in heart gly- 
cogen values, but that there was an increased 
amount of liver glycogen in the digitalized 
animals as compared with the controls, there 

« LePage, G. A., and ITmbreit, AV. W., Maiio- 
metric Tceliniqucs, Minneapolis, 1945. 

SGootl, C. A., Ivramer, H., and Somogjd, M., 
J. Biol Chem,, 1933, 100, 484. 

9 FoUn, C,, and Malmros, H. J., J. BioL Chun., 
1929, 83, 115. 
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Pkolongation of Psfudopregnancy bv Deciduomata 


TABLE 1. 


h 

Prolongation 

ot Pseudopi-egiiancy hy Deciduomata. 


Group 

of 

rats 

No. of 
deciduomata 

Pseudopregiiancy 

(days) 

Stsuulard 

error 

St error of (lift'.* 
and probability 

Pseudopregnant 

Pseudopregiuiiit 

18 

8 

13.33 

0.220 . 

±1.043 oml 
<0.01 . 

“ttith deciduomata 

10 

8 

^ 20.G0 

1.287 

Pseudopre^^uanfc 

11 

4 

18.55 

1.290 

±1.340 oiul 
<0.01 

iT- •'O**'"**' 

deciduomata removed 

17 

4 

14.25 

OMSO 



* Pooled variance. Suedecor Statistical Methods^ XJuiversity of Iowa College Press, 1917. 


Methods and resitUs. Daily vaginal smears 
were made from 18 female albino rats (150 
to 250 g) of mixed strain. On the day of 
vaginal estrus (fully cornified smear) their 
cervices were stimulated electricaliyt to induce 
pseudopregnancy. Vaginal smears were made 
until the next vaginal estrus. The first day of 
diestrus was considered day one and the first 
day of full vaginal cornification the last day 
of pseudopregnancy. The average length of 
pseudopregnancy was found to be 13.33 days. 
(Table I). 

Ten similarly prepared rats were subjected 
to laparotomy on the fourth day of pseudo- 
pregnancy. Both uteri were stimulated by 
passing a suture transversely through the 
walls and lumen at 4 points in eachj tying 
loosely and leaving the suture in situ as a 
marker. On the 8th day of pseudopregnancy 
at a second laparotomy, the number of de- 
ciduomata formed in each rat was determined. 
Daily smearing was continued as before. 
Each rat responded with eight deciduomata, 
the maximum number possible. The average 
length of pseudopregnancy in this group was 
20,60 days (see Table I). The difference of 
7.27 days is highly significant statistically. 

To determine whether some factor other 
than the presence of deciduomata was respon- 

tA biopolnr electrode attached to a Hanard 
induetoriuin was inserted in the vagina. 


sible for prolongation of diestrus an additional 
28 pseudopregnant rats were treated as in 
the previous experiment except that at lap- 
arotomy on the 4th day 0 }dy one uterus {the 
right) was stimulated in 4 places. On the 
eighth day the number of deciduomata formed 
in each was noted. Again all 28 rats re- 
sponded with the maximum number, 4 decid- 
uomata. The right uterus containing the 
deciduomata was then removed in 17 of the 
28 rats. The average length of pseudopreg- 
nancy in the 17 rats in which the deciduo- 
mata were removed was 14.25 days (not sig- 
nificantly different from the length of normal 
pseudopregnancy). The length of pseudo- 
pregnancy in the 11 rats in whom the deciduo- 
mata were not removed was 18.55 days (not 
significantly different from the length of pseu- 
dopregnancy in the rats with 8 deciduomata). 

As may be seen in Table I the difference 
of 4.30 days is statistically significant. 

Our data demonstrate that the presence of 
deciduomata in the pseudopregnant rat sig- 
nificantly prolongs the period of diestrus. The 
mechanism involved is not known but the 
evidence presented here is not adequate to 
prove that it is a specific effect of the decidu- 
oma, per se. 

Summary. The presence of deciduomata 
prolongs the length of pseudopregnancy in the 
rat an average of 7.27 da3^s beyond the normal 
duration of 13.33 days. 
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Effect of Digitoxia 
Propylene GJycol for 


T^VBLEni. ^ .... 

on Synthesis of Liver Glycogen in Bats Given o rug/kg Pigitoxin in 
3 days; Fasted 24 Hours; No Further Injection of Drug Given During 

filT*/»nfrnTi*io5c • Nn or Tremors. 


Glucose schedule 


Control 



Digitalized 


Exp, 

No. 

Hat 

No. 

c?, 

/O 

glycogen 

■■ 

Mean 

Exp. 

No. 

Hat 

No. 

% 

glycogen 

Mean 

No Glucose 

I 

1 

0.59 


I 

9 

0.95 




o 

0.C3 

0.61 


10 

0.85 

0.90 


II 

17 

0.19 


II 

25 

1.02 




18 

0.41 

0.30 


26 

0.99 

1,00 

0.15 g/Iir for 2 hrs 

I 

3 

1.22 


I 

11 

2.36 


before death 


4 

1.27 

1.24 


12 

2.52 

2.44 


n 

19 

0.48 


II 

27 

1,86 




20 

0.61 

0.54 


28 

1.43 

1.64 

0.15 g/lir for 4 hrs 

I 

5 

2.09 


I 

13 

2.81 


before death 


6 

2.03 

2.QG 


14 

2.71 

2.76 


II 

21 

1.03 


U 

29 

1.96 




22 

1.18 

1.10 


30 

2.80 

2.38 

0.15 g/hr for 6 hrs 

I 

7 

2.05 


I 

15 

2.86 


before death 


8 

2.13 

2.09 


16 

2.84 

2.S5 


II 

23 

1.06 


II 

31 

2.86 




24 

1.32 

1.19 


32 

2.43 

2.64 


TABLE IV. 

Effect of Digitoxin on Synthesis of Liver Glycogen in Over-Digitalized Hats Given 4 mg/kg 
Digitoxin in Propylene Glycol for 3 days; Fasted 24 Hours; Additional Injection of 5 mgAg 
Digitoxin Given at 0 Hour. 


Control Digitalized 


Glucose schedule 

Hat No. 

% glycogen 

% 

Mean 

Hat No. 

% glycogen 

Mean 

No glucose 

34 

0.3X 


40* 

0.21 



35 

0.29 

0.30 

41^ 

0.17 

0.19 

0.15 g/hr for 2 hrs 

36 

1.01 


42 1 

0.04 


before death 

37 

O.SG 

0.93 

43* 

0.29 

— 

0.15 g/hr for 4 hrs 

38 

1.83 


441 

Died 


before death 

* r\ 1 i 

39 

1.73 

1.78 

45 i 

0.02 



* Occasional tremors, 
t Tremors and convulsions. 


in digitalized animals. There was no addi- 
tional injection of the drug during the 6 hour 
period of glucose injection. None of the 
digitalized animals showed any tremors, con- 
vulsions, or other toxic symptoms. Difference 
in normal values of Experiment I and II are 
probably due to differences in amount of pre- 
viously ingested food, prior to fasting. 

The results given in Table IV show the 
effect^ of digitoxin on glycogen synthesis by 
the liver after administration of glucose to 


fasted over-digitalized rats. A group of six 
rats which had been digitalized for 3 days by 
the daily administration of 4 mg/kg of crys- 
talline digitoxin in propylene glycol was given 
an additional injection of 5 mg/kg of digi- 
toxin in propylene glycol intraperitoneally 
at the start of the glucose injection period. 
The controls received an equivalent amount 
of the solvent. Both groups were fasted for 
24 hours. It can be seen from the data 
that there was a decreased amount of 
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Cardiac Drugs and Phosphorydated Intermediates 


Distribution of Acid-Soluble Phosphorus Compounds in the Heart of Horznal and Digitah'zed 
Eats. 


Phosphorylated Intermediates^ 

Normal 

Digitalized 

A. Analysis on T.C.A. Extracts; 

1, Inorganie Phosphorus 

993 

1100 

2. Phospliocreatine Phosphorus 

262 

293 

3. Phosphopyruvic 

1450 

1242 

4. Total Phosphorus 

3X10 

3184 


Barium-Soluble 

Barium-Insoluble 


r - y. 

Normal Drug 

^ 

Normal Drug 

B. Analysis of Tractions: 

1. Inorganic Phosphorus 

239 343 

1232 1320 

2. ATP 7 min Hydrolyzable 


229 200 

3, Total Phosphorus 

877 1180 

1093 2155 

4. Fructose 

17 IS 


5. Fructose l-G Diphosphate 

102 97 


■* Expressed ns micromoIes/lOO g. 


TABLE II. 

Effect of Ligitoxia on Liver and Heart Glycogen of Given 12 lugAg Bigitoxin in Propylene 
Glycol for 3 Bays, Fasted 24’30 Honrs, and Anesthetized with 45 n\g/kg Sodium Pentobarbital. 


Tissue 


Control 



Digitalized 


Bat No. 

% glycogen 

A 

^Xean 

Bat 

% gb'cogen 

Ifean 

Heart 

1 

0.34 


4 

0.30 



o 

0.27 

0.27 

5 

0.29 

0.30 


3 

0.21 


6 

0.31 


Liver 

1 

1.96 


4 

2.06 



o 

L8S 

1.85 

5 

2.32 

2.39 


3 

. 1.71 


6 

2.81 



being 2.39% glycogen in the former and 
1.85% in the latter. These values suggested 
the possibility that digitoxin may exert a 
protective action on liver glycogen by de- 
creasing the rate of glycogenolysis and experi- 
ments were, therefore, conducted to measure 
this possibility. Samples of liver tissue from 
both digitalized and normal animals were al- 
lowed to stand at room temperatures for 
periods of 2, 5, and 8 minutes prior to freez- 
ing with dry ice. Results indicated that there 
was no difference in the rate of breakdown of 
glycogen in the excised liver tissue in normal 
and digitox'in treated rats. It should be 
noted that these and subsequent experiments, 
in which the liver has been removed from its 
normal environment, do not take into con- 
sideration the possible influence of epinephrine 
or insulin on glycolysis or glycogenesis in situ. 

10 Yoriniitsu, T., Osix'ka. Igoklcai Zcissij 1940. 

1381. 


Inasmuch as Yorimitsu^® had demonstrated 
that digitalis preparations promoted resynthe- 
sis of glycogen from lactic acid, experiments 
were conducted to ascertain the effect of 
digitoxin on the synthesis of liver glycogen 
from glucose in rat liver, using the method as 
outlined by DuBois el al}'^ Normal Sprague- 
Dawley rats of approximately 250 g were 
digitalized intraperitoneally with 5 mg/kg of 
crystalline digitoxin in propylene glycol for 
3 days. Controls received equivalent amounts 
of the solvent during the digitalization. The 
experiments were begun following a fasting 
period of 24 to 36 hours. Data given in 
Table III show that the initial glycogen 
values were higher in the digitalized animals, 
and there was an indication of an increased 
amount of glycogenesis from injected glucose 


n LuBois, K. P., Holm, L. W,, anti Boyle, W. 
L., PROC, Soc. Exp, Biol, axd Hed,, JOm, 01, 102, 
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Fibrinolysin oton Oxytocin, Vasopressin, Hypertensinogen 



1 2 3 4 12 

A B 


Pig. 1. 

Contraction of the isolated guinea, pig uterus. A, 1, 0.005 of 1.5 U Oxy- 
tocin; 2, 0.005 of 1.0 TT Oxytocin + 5 mg fibrinoiysin; 3, 0.005 of 1.5 TJ 
Oxytocin 0.5 cc serum from patient in 9tli month of pregnancy 5 mg 
fibrinoiysin; 4, 0.005 of 1.5 U Oxytocin 4“ 0.5 ce pregnant ixoman serum, 
B, 1, 0.005 of 1.0 TT O^toein -f 20 mg fibrinoiysin 5 mg glutathione; 
2, 0.005 of 1,5 Tj Oxytocin 4- 20 mg fibrinoiysin. In A the incubation period 
lasted 24 hours, and 30 hours in B. 


oxytocin. However hypertensinogen is not 
attacked by this enzyme, and after the addi- 
tion of fibrinoiysin it is still capable of pro- 
ducing hypertensin when renin is added. 

Material and method. Three different 
samples of fibrinoiysin were used, one pre- 
pared by us from ox plasma, activated with 
chloroform by the Loomis technic,® and two 
others obtained by fractionation of human 
plasma prepared by the Physical Chemical 
Department of Harvard Medical School. 

The sample with which we did most of 
the experiments, (Squibb IH-3-1) contained 
approximately 0.5 U per mg, according to 
Loomis. The substrates were: a) purified 
extract of neuroh^'pophysis which contained 
10 U.v. of ox}4ocin and 10 U of vasopressin 
per cc and b) human and horse hypertensino- 
gen. In order to study the oxytocin fibrino- 
l^'Sin reaction a guinea pig uterus suspended 
in oxygenated Tyrode s solution was us^. The 
blood pressure of the cat was employed in 
order to determine the inactivation of vaso- 

S Loomis, C. E., George, C, H., and Byder, A., 
Arch. Bioch., 1947, 1 , 12, 


pressin by the enzymie. This same test was 
used to titrate the amount of h3q)ertensm 
formed by the interaction of hypertensinogen 
with the enz3Tne5: 

Effect of fibrinoiysin upon oxytocin. Dif- 
ferent amounts of fibrinoiysin: 2, 5 and 10 
mg in 0,9% XaCl were made to act in vitro 
upon 2 U.v. of oxj'tocin; the solution was 
adjusted to pH 7.3 by means of a solution of 
sodium phosphate (0.2 normal). The total 
volume was brought up to 2.5 cc. The con- 
trol contained 2 L^.v. of oxytocin without the 
enz^Tiie. The tubes were incubated at 37 °C 
from. 4 to 72 hours. When the incubation 
time e.xceeded 4 hours a drop of sodium mer- 
thiolate (Lilly) was added to each tube, as 
a bactericidal agent. As seen in Fig. 1 the 
oxytocic activit}^ remains unchanged even 
after an incubation of 72 hours in the presence 
of 10 U of fibrinoh-sin, therefore it is quite 
clear that oxytocin is not hydrolyzed by fibrin- 
oiysin. 

In experiments with pregnant woman 
serum it w’as proved fibrinoiysin does not in- 
crease the destruction of ox\>tocin by the 
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liver glycogen in overdigitalized animals, the 
per cent of glycogen decreasing somewhat as 
the animals approached death. These results 
seem to indicate that increased glycogenesis 
occurred ih the liver of rats given non-toxic 
doses of digitoxin, while toxic doses of the 
drug resulted in a decrease in the amount of 
liver glycogen in rats in which symptoms of 
over-digitalization are manifested. 

Summary. There was no marked dif- 
ference in the distribution of the acid-soluble 
phosphorylated intermediates of glycolysis in 
the heart muscle of normal and digitoxin- 
poisoned rats. - Small differences in the gly- 
cogen values of heart values were noted, but 
there was an increased amount of liver gly- 


cogen in the digitalized animals as compared 
^ with the controls as indicated by an average 
of 2.39% of glycogen in the former and 1.85% 
in the liver of the latter. Neither was there 
any difference in the rate of breakdown of 
glycogen in the excised liver tissue in normal 
and digitoxin treated rats. Increased glyco- 
genesis occurred in the liver of rats given non- 
toxic doses of digitoxin while toxic doses of 
the drug resulted in a decrease in the amount 
of liver glycogen in rats in which symptoms 
of over-digitalization were manifested. 

The author wisJies to express his appreciation 
to Dr. Iv, P, DuBois anil to Dr. E. !M. K. Geiliiig 
of the Departuieufc of PJiarmacology for their in- 
terest and helpful advice* in this problem. 
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Effect of Fibrinolysin upon Oxytocin, Vasopressin and Hypertensinogen. 
H. Croxatto, W* Badia, and R. Croxatto. 


From tli& Lahorator^ of 

Plasma fibrinolysin has been considered a 
tryptase. Its proteolytic effect may be ob- 
served not only in the dissolution of fibrin 
but also in the digestion of fibrinogen, gelatin 
and casein, which is shown by the production 
of non-protein nitrogen when it acts upon 
these substrates (Tagnon ei al.;^ Kaplan et 
aLr Chris tiensen,^ Ferguson,*^ Shinowara,^). 
Nevertheless fibrinolysin does not inactivate 
hypertensin (Croxatto and Badia,^) a sub- 
strate which is attacked by all proteolytic en- 
zymes tested up to now, including crystallized 
pancreatic trypsin (Croxatto* )• 

'T^nou, H. J., Da^id^^C. S., and Tayl^ 
H. li., /. Clin. Invest., 1942, 31, 525, 

2 Kaplan, XI. H., Tagnon, H. J., Davidson, C. S., 
and Taylor, F. H. L., J* Clin. Invest.^ 1942, 31, 
533. 

3 Christiensen, E. L., /. Oen, Physiol, lD4a, 28, 

553 . ^ 

1 Ferguson, J. H., Am. J. Afed,, 1947, 3, 6/. 

' sshinowara, J. G., Pboc. Soc. Exp. Bior.. and 
3Aed., 1947, C6, 450. 

C Croxatto, H., Badia, W., and ^ Croxatto, B., 
Bok SoG. Biolj Santiago, 1948, 5, 82. 


, Catholic University, Santiaoo, Chile. ^ 

As fibrinolysin may appear in the blood*^' 
stream in its active form, an experimental\\ 
study was carried out by observing its effect 
upon the hormones of the neurohypophysis- 
oxytocin and vasopressin- and upon hyperten- 
sinogen, in a similar way to that used before 
for trypsin. This also has the advantage of 
permitting a more detailed comparison be- 
tween the effects of fibrinolysin and pancre- 
atic tr^'psin. It has already been established 
that the latter is capable of inactivating hy- 
pertensin and vasopressin but not o.xytocin 
(Croxatto^). 

Hyper teiisinogen is attacked by trypsin but 
without the formation of hypertensin. More- 
over after this enzyme has been used the 
substrate is incapable of producing hyperten- 
sin even when renin is added. 

The results published in this paper show 
that fibrinolysin, Just as tripsin, destroys the 
pressor effect of vasopressin but does not, 
under the same conditions, alter the effect of 

1 Croxatto, n., lie vis fa de 2£edicina JUment, 
1943, 5, 259. 
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4 2 3 4 

Fig. 3. 

Arterial blood pressure of tbe cat. 1, ^ of 40 cc 
hypertensinogeu at pH 6.S -h 3 cc renin, incubated 
during 10 minutes; 2, ^f, of 40 cc hypertensinogen 
at pH 6.8 4- 10 iiig fibrinolysin 4“ 3 cc renin, 
incubated for 10 minutes; 3, of 40 cc hyper- 
tensinogen pH 6.8; 4, Ir, of 10 ee hypertensinogen 
4- 10 mg fibrinolysin incubated for 10 minutes. 

strated that the addition of ether or acetone 
increased the production of h\^ertensin by 
favouring the renin-hypertensinogen reaction, 
it appeared necessary to add these solvents to 
the mixture of hyp)ertensinogen and renin. 
However the results were no different from 
those obtained without the solvents. 

It was also shown that if hypertensinogen 
is first treated with fibrinolysin and after- 
wards incubated with 2 cc renin for 15 min- 
utes, the production of bypertensin is the 
same as when fibrinolysin is not used. There- 
fore this enzyme, unlike trypsin does not 
modify the capacity of hypjertensinogen to 
ser\^e as a substrate for renin (Fig. 3). 

Dhaission. The effect of fibrinolysin upon 
the hormones of the neurohypophysis is 
qualitatively, comparable to that of cry^stalliz- 
ed pancreatic trvT>sin, however it differs from 
the latter by its inability to alter the hyper- 


tensinogen substrate. This last result discards 
the possibility that fibrinolysin could have 
an effect comparable to renin. The proteo- 
lytic activity of fibrinolysin is limited to only 
certain substrates, and it does not appear to 
strengthen the activity of other plasma en- 
zymes also thought to be proteol 3 ^tic, such as 
renin, oxytocinase, hypertensinase/ etc. 

Even though fibiinol^’sin destroys vasopres- 
sin it does not have such a high vasopres- 
sinase activity as plasma during normal preg- 
nanc 3 \ However it is possible that the in- 
crease of fibrinol 3 ’^tic activit 3 ’ observed in the 
plasma of pregnant women complicated by 
hypertensive toxemia (Willson and .!^Iun- 
nell,^“) may be related to a defense mechan- 
ism brought about by the capacity of this 
enz 3 mie to inactive vasopressin. 

It could be presumed that this effect upon 
the pressor hormone of the hypoph 3 ^sis is not 
due to fibrinolysin itself but to some other 
accompanying enzyme as yet unidentified. It 
cannot be hypertensinase because the addi- 
tion of cysteine or glutathion to fibrinolysin 
does not modify its activity upon vasopressin 
or oxytocin (Fig. 1). 

Conchisiom* 10 U of fibrinotysm obtained 
from human and ox plasma, added to 1 U of 
oxytocin, does not alter the uterotonic effect of 
this hormone even after 72 hours of incuba- 
tion at 37 °C at pH 7.3 On the other hand 
the same preparation of fibrinolysin, under 
similar conditions produces a progressive de- 
struction of vasopressin. Fibrinolysin added 
to human or horse hypertensinogen does not 
produce h 3 ^ertensm, neither does it incapaci- 
tate the h 3 ^erteiisinogen for producing hyper- 
tensin when renin is added immediately after. 

We wish to tliank the Rockefeller Foundation 
and Dr. Edwin Cohn for the aid they have given 
us in the work here reported. 

12 Willson, J. H., and Hunnell, E. R., Raoc. SoC 
Exp. Biol, axd Med., 1946, G2, 277. 
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I 2 3 4 5 

Fig. 2. 

Arterial blood pressure of tlie cat. Injections 
into the femoral vein. I, 0.3 of ho If vasopressin 
+ 0.1 mg trypsin; 2, 0.3 of 1.5 U vasopressin 4* 
20 mg hbrinolyliin + 0-1 iiig trypsin; 3, 0.3 of 1.5 
IT vasopressin -f 20 nig iibrinolysin ,* 4, the same 
as in 3, but the different components 'vvere incu- 
bated separately. In all cases the incubation period 
lasted 24 hours at pH 7.3. 

serum oxytocinase (Fig. 1). 

Effect of fibrinolysbi upon vasopressin. The 
ijicubation of vasopressin under similar con- 
ditions to those described above shows that 
fibrinolysin produces an appreciable inactiva- 
tion of the pressor hormone. The titration 
tests were done by means of the blood pres- 
sure of the cat, anesthetized by dial. The 
solution was injected intravenously; in a few 
cases it was boiled previously. In order to 
discover whether fibrinolysin itself could have 
any influence upon the sensitivity of the cat 
to the pressor hormone, a mixture of fibrino- 
lysin and vasopressin, incubated separately, 
was injected. Great care was taken to inject 
the same doses of substrate and enzyme as 
those which had been incubated. 

As a general rule, each animal received 
only a few injections due to the tachyphylaxis 
produced by this hormone. In any case, by 
using a sufficiently large number of animals 
(3 or 4) it was clearly established that after 
8 to 10 hours of incubation 10 to 20% of 
the vasopressin is inactivated when 10 U 
of fibrinolysin are used with 2 U of the pres- 


sor hormone. After 24 hours 40% is de- 
stroyed, and. after 72 hours 80 to 100%. If 
crystallized Irypsin is used in a dose equiva- 
lent to the fibrinolytic effect, it will be seen 
that 0.08 mg of this enzyme (containing 37% 
MgS 04 ) which equals one fibrinolytic unit, 
destroys 0.8 U of vasopressin after 24 hours 
of incubation, L e. the effect of 10 U of fibrin- 
olysin, (Fig. 2). 

The addition of 4 mg cysteine to 10 mg 
fibrinolysin, does not alter the effect of this 
enzyme upon vasopressin or oxytocin. This 
distinguishes it from blood plasma which 
shows a notable increase of its vasopressinase 
and oxytocinase effect when cysteine or gluta- 
thione are added (Croxatto, Reyes, ^). 

Effect upon hypertensinogen. Human and 
ox hypertensinogen were prepared as de- 
scribed, by precipitation with (NH 4 )nSOi at 
0.5 saturation of the plasma, dialyzed with 
cold tap water and then filtered. The pH 
was brought to 7 A by means of NaOH using 
a potentiometer. One hundred cc of this 
preparation incubated 15 minutes with 2 cc 
of the standard solution of pig renin gave 
18 to 25 U of hypertensin. When hyperten- 
sinogen was treated with fibrinolysin for 
periods varying from 10 minutes to 12 hours, 
no pressor substance was produced. In order 
to investigate the possible formation of hyper- 
tensin, the mixtures of 50 cc of hypertensino- 
gen with 1, 5, 10, and 20 mg of fibrinolysin 
were treated by the usual procedure for ex- 
tracting hypertensin (Braun-Menendez et 
The final extract was injected intra- 
venously; the dose was calculated to be the 
equivalent of 10 to 20 cc of hypertensinogen- 
The results showed that the extract of hyper- 
tensinogen and fibrinolysin obtained produced 
exactly the same effect as the extract pre- 
pared from hypertensinogen alone, be. with- 
out hypertensin. In view of a previous paper 
(Croxatto and Croxatto/^) which demon- 

0 Croxatto, H., and Seyes, M., Bo}, Soc. Bioh, 
Santiago, 1948, 5, 80, 

Braun -Xlen^ndez, E., Fasciolo, J. C., Lcloir, 

L. F., and Munoz, J. M., BhysioX., 1040, 133, 
731. 

11 Croxatto, H., and Croxatto, B., Bev. argent, 
de BioX.j 1948, in press. 
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liimiiifitiinminunMM 
4 2 3 

Pig. 3. 

Arterial blood pressure of tlie cat, 1, of dO cc 
hypertensiuogeu at pH 6.8 -b 3 cc reniu, incubated 
during 10 minutes; 2, \r, of lO cc hypertensinogen 
at pH 6.8 -h 10 uig fibrinolysin 3 cc renin, 
incubated for 10 minutes; 3, of *10 cc hyper^ 
tensiuogen pH 6.8; 1, of lO cc hypertensinogen 
ri- 10 mg fibrinolysin incubated for 10 minutes. 

strated that the addition of ether or acetone 
increased the production of hi^ertensin by 
favouring the renin-hypertensinogen reaction, 
it appeared necessary to add these solvents to 
the mixture of hypertensinogen and renin. 
However the results were no different from 
those obtained without the solvents. 

It was also shown that if h>Tiertensinogen 
is first treated with fibrinolysin and after- 
wards incubated with 2 cc renin for 15 min- 
utes, the production of hypertensin is the 
same as when fibrinolysin is not used. There- 
fore this enzyme, unlike trypsin does not 
modify the capacity of hypertensinogen to 
ser\’e as a substrate for renin (Fig. 3). 

Dhcitsshn. The effect of fibrinolysin upon 
the hormones of the neurohypophysis is 
qualitatively, comparable to that of crystalliz- 
ed pancreatic trypsin, however it differs from 
the latter by its inability to alter the hyper- 


tensinogen substrate. This last result discards 
the possibility that fibrinolysin could have 
an efiect comparable to renin. The proteo- 
lytic activity of fibrinolysin is limited to only 
certain substrates^ and it does not appear to 
strengthen the activity of other plasma en- 
zymes also thought to be proteolytic, such as 
renin, oxytocinase, hypertensinase. etc. 

Even though fibiinolysin destroys vasopres- 
sin it does not have such a high vasopres- 
sinase activity as plasma during normal preg- 
na^C3^ However it is possible that the in- 
crease of fibrinolytic activity observed in the 
plasma of pregnant women complicated by 
hypertensive toxemia (Willson and .Mun- 
nell,^-) may be related to a defense mechan- 
ism brought about by the capacity of this 
enzyme to inactive vasopressin. 

It could be presumed that this effect upon 
the pressor hormone of the hypophysis is not 
due to fibrinolysin itself but to some other 
accomparudng enzyme as yet unidentified. It 
cannot be hypertensinase because the addi- 
tion of Cysteine or glutathion to fibrinolysin 
does not modify its activity upon vasopressin 
or oxytocin (Fig. 1). 

Co?icUisw)Js. 10 U of fibrinolysin obtained 
from human and ox plasma, added to 1 U of 
oxytocin, does not alter the uterotonic effect of 
this hormone even after 72 hours of incuba- 
tion at 37° C at pH 7.3 On the other hand 
the same preparation of fibrinolysin, under 
similar Conditions produces a progressive de- 
struction of vasopressin. Fibrinolysin added 
to human or horse hypertensinogen does not 
produce hypertensin, neither does it incapaci- 
tate the hypertensinogen for producing hyper- 
tensin when renin is added immediately after. 

'W’e wi^li to tlmnk the Eoekcfeller Foundation 
and Dr. Fdwin Cohn for the aid they have given 
us in the work here reported. 

i2WilUon, J. H., and Miunncll, E. E., Proc. Soo, 
Exp. Biol, ssb y[En., 1D46, 02, 277. / 
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JpiG. 2, 

Arterial blood pressure of tUe cat, lajeetions 
into the femoral vein. 1, 0.3 of 1.5 U vasopressin 
4- 0.1 mg trjpsin; 2, 0.3 of l.o Tf vasopressin -f- 
20 mg fibrinolyliin + 0.1 mg trypsin ; 3, 0.3 of 1.5 
U vasopressin 20 mg iibrinolysin; 4, the same 
as in 3, but the different components were incu- 
bated separately. In all cases the incubation period 
lasted 24 hours at pH 7.3. 

serum oxytocinase (Fig. 1). 

Effect oj fibrinolysin upon vasopressin. The 
incubation of vasopressin under similar con- 
ditions to those described above shows that 
fibrinolysin produces an appreciable inactiva- 
tion of the pressor hormone. The titration 
tests were done by means of the blood pres- 
sure of the cat, anesthetized by dial. The 
solution was injected intravenously; in a few 
cases it was boiled previously. In order to 
discover whether fibrinolysin itself could have 
any influence upon the sensitivity of the cat 
to the pressor hormone, a mixture of fibrino- 
lysin and vasopressin, incubated separately, 
was injected. Great care was taken to inject 
the same doses of substrate and enzyme as 
those which had been incubated. 

As a general rule, each animal received 
only a few injections due to the tachyphylaxis 
produced by this hormone. In any case, by 
using a sufficiently large number of animals 
(3 or 4) it was clearly established that after 
8 to 10 hours of incubation 10 to 20% of 
the vasopressin is inactivated when 10 U 
of fibrinolysin are used with 2 U of the pres- 


sor hormone.' After 24 hours 40% is de- 
stroyed, and after 72 hours 80 to 100%. If 
crystallized trypsin is used in a dose equiva- 
lent to the fibrinolytic effect, it will be seen 
that 0.08 mg of this enzyme (containing 37% 
MgSO^) which equals one fibrinolytic unit, 
destroys 0.8 U of vasopressin after 24 hours 
of incubation, /. e. the effect of 10 U of fibrin- 
olysin, (Fig. 2). 

The addition of 4 mg cysteine to 10 mg 
fibrinolysin, does not alter the effect of this 
enzyme upon vasopressin or oxytocin. This 
distinguishes it from blood plasma which 
shows a notable increase of its vasopressinase 
and oxytocinase effect when cysteine or gluta- 
thione are added (Croxatto, Reyes/), 

Effect upon hypertensinogen. Human and 
ox hypertensinogen were prepared as de- 
scribed, by precipitation with (NHi)nSO^ at 
0.5 saturation of the plasma, dialyzed with 
cold tap water and then filtered. The pH 
was brought to 7.4 by means of NaOH using 
a potentiometer. One hundred cc of this 
preparation incubated IS minutes with 2 cc 
of the standard solution of pig renin gave 
18 to 25 U of hypertensin. When hyperten- 
sinogen was treated with fibrinolysin for 
periods varying from 10 minutes to 12 hours, 
no pressor substance was produced. In order 
to investigate the possible formation of hyper- 
tensin, the mixtures of 50 cc of hypertensino- 
gen Avith 1, 5, 10; and 20 mg of fibrinolysin 
were treated by the usual procedure for ex- 
tracting hypertensin (Braun-Menendez et 
The final extract was injected intra- 
venously; the dose was calculated to be the 
equivalent of 10 to 20 cc of hypertensinogen. 
The results showed that the extract of hyper- 
tensinogen and fibrinolysin obtained produced 
exactly the same effect as the extract pre- 
pared from hypertensinogen alone, i.e. with- 
out hypertensin. In view of a previous paper 
(Croxatto and Croxatto/^) which demon- 

Croxatto, H., and Beyes, il., Bo?. Soc. Biol., 
Santiago, 1948, 5, SO. 

Braun-i^eiiendez; E., Pasciolo, J. C., Loloir, 

L. R, and Munoz, J, M., J, BhysioU 2040, 1S3, 

731. 

Croxatto, H., and Croxatto^ B., Bev. ardent, 
de Biol., 1948, in press. 
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TABLE I. 

Effect of Injection or Adrenalin on “VVIute Blood Cells of the Rat. Ton Bats Each Test« 


Dose/lOO g, 7 


0.2 

.1 

.05 

.03 

1 


Leucocytes in Lymphocytes in 7c 


0' 

20' 

40' 

60'^ 

^0^ 

20' 

40' 

60' 

t 

P 

in mg 




A, Normal Bats. 






100 

70 

59 

60 

100 

64 

54 

54 

11.6 

<.001 

267,2 

100 

71 

02 

60 

100 

64 

56 

49 

S.3S 

<,001 

271.6 

100 

76 

5S 

56 

100 

62 

52 

49 

S.96 

<.001 

230.9 

100 

74 

63 

57 

100 

72 

62 

54 

5,7 

<.001 

199.0 

100 

94 

S9 

87 

100 

93 

SS 

85 

0.79 

<4 

47.5 



B. 

Adreualeetomized Bats. 





100 

94 

92 

94 

100 

95 

92 

93 
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lin. Aloreover, an attempt is made to analyze 
the mechanism involved. 

Method, The experiments were performed 
on Sprague-Dawley rats (mostly adults, 150- 
200 g, but also some of lower weight as stated 
below) after a 16 hour fast. The counting of 
red and white blood cells including differen- 
tials follow^ed standard procedures. It was 
based on duplicate or triplicate determina- 
tions. Blood samples were taken from the 
tail with a minimum of excitation by proper 
selection of tame rats and careful handling. 
Adrenalin was injected intraperitoneally 
^vhile eserine sulphate w’as administered sub- 
cutaneously. The blood samples were taken 
at 20 minute intervals for 1 hour after the 
injection of adrenalin. 

Results, The effect of intraperitoneal in- 
jection of adrenalin on the white blood count 
of rats was studied on 5 groups of animals 
which received this substance in quantities 
varying from 0.03 y to 1 y/lOO g weight. 
Table I shows that the number of leucocytes 
and lymphocytes decreases markedly ^vith 
doses from 0.05 to 1 y/lOO g whereas the ef- 
fect of 0.03 y/iOO g is only slight. The 
individual data showing the changes in the 
number of lymphocytes vrere graphed and 
the area representing the fall in the number 
of lymphocytes was weighed. The mean 
value in milligrams is given under “area^* in 
the table and the statistical significance of 
these changes w’as calculated by determina- 
tion of t and P values when each of these 
series of experiments was compared with that 
performed on adrenalectomized rats (Table I, 
B). The latter showed only an insignificant 


fall in the number of leucocytes and lympho- 
cytes. 

The table shows that the injection of adren- 
alin in doses varying from 0.05 to 1 y/100 g 
causes a significant fall in leucocytes and \ym- 
phocytes whereas 0.03 y/iOO g adrenalin is 
ineffective. There seems to be little variation 
in the degree of leuco- and lymphopenia when 
the doses of adrenalin varied 20 fold. 

A further group of experiments was per- 
formed on young rats averaging 40 g in 
weight. These animals reacted likewise with 
a marked leuco- and lymphopenia to the in- 
jection of 0.05 y adrenalin per 100 g. This 
shows that 0.02 y adrenalin can be readily 
detected by this method. Since the adrenalin 
content of blood is about 0.1 y/cc (West)^^ 
this method appears to be suitable for such 
studies. 

Fig. 1 shows the effect of adrenalin on neu- 
trophils as compared to lymphocytes. It is 
evident that increase in neutrophils and lym- 
phopenia characterizes the effect of adrenalin 
on the white blood count of the rat. In spite 
of some diff'erences in the time relations the 
e.xperiments of Dougherty and White on the 
effect of the injection of the adreno trophic 
hormone on the leucocytes and our own on 
the action of adrenalin show qualitatively and 
quantitatively similar results. 

Two further groups of experiments were 
performed. In the first saline was injected in 
volumes the same as those of adrenalin and 
failed to alter the -white blood count. This 
proved that the injection per se did not excite 
the animals sufficient ly to cause an alteration 

lowest, G. B., J. JPhysiol, 1947, 106, 426. \ 
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Sensitivity of the Lymphopenic Reaction to Adrenalin,^ 


E. Gellhorn and S. Frank. 

Fro7)i ih& I^dVoTiitor^ of 2{cuToph^sio}off^f Departmcut of I^hysiol.ogyj University of ^innesoio^ 


Injection of adrenotrophic hormone causes 
a decrease in the ascorbic acid and cholesterol 
content of the adrenal cortex (Long and col- 
laborators^*^) and induces a lymphopenia 
(Dougherty and White^). Since the latter 
effect is absent in adrenalectomized rats it 
was interpreted as being due to the increased 
secretion of adrenocortical hormone resulting 
from excitation of the adrenal cortex through 
the adrenotrophic hormone. It was also re- 
ported that increased activity of the adrenal 
cortex accompanied conditions of stress and 
led to a decrease in ascorbic acid and choles- 
terol content of the adrenal gland (Long and 
collaborators), increased excretion of 17-keto- 
steroids (Pincus,^ Hoagland^) and lympho- 
penia (Long and aliij Elmadjian and Pincus®)* 
Since Vogt" has shown that injection of adren- 
alin causes an increase in the concentration of 
adrenocortical hormones in the adrenal vein 
and since various conditions of stress activate 
the sympathetico-adrenal system (cL Gell- 
horn^ for literature) it seemed probable that 
the alteration in the chemistry of the adrenal 
cortex as well as the lymphopenia resulted 
from the secretion of adrenalin which acti- 
vated the hormones of the adrenal cortex. Such 

* Aided by a grajit from the Oifice of Naval 
Jteseareh. 

ILong, C. N. H., Ped. Proe., 1947, 0, 4G1. 

2 Sayers, G., Sayers, M. A., Liang, T. Y., and 
Long, C. N. H., Pndocrinol, 1940, 38, 1. 

3 Dougherty, T. P., and Wiiite, A., Pndoerinol., 
1944, 35, 1. 

4Pincus, G., Beceut progress in hormone re- 
search, 1947, 1, 123. 

SHoaglaBd, K, J. Comparat. Physiol Psychol, 

1947, -10, 107. ^ , 

C Elmadjian, F., and Pincus, G., Bndoermol, 

1945,37,47. 

T Vogt, H., Physiolj 1944, 103, 317. 

sGellbora, B., Autonomic Regulations, Nctv 
Y ork (Interscience), 1943. 


an interpretation presupposes a great sensitivi- 
ty of the pituitary-adrenal corte>x mechanism 
to adrenalin. The examples cited by Lohg.indi- 
cate that the ascorbic acid content of the 
adrenal cortex may be lowered significantly 
by infusion of adrenalin in a dosage of 2 y 
100 g/hr. As far as the effect of the injection 
of adrenalin on the white blood corpuscles is 
concerned the data published in the litera- 
ture suggest that its effect is mainly to pro- 
duce leucocytosis (Walterhofer,^ NaegeJi^®}. 
An increase in the number of lymphocytes has 
been reported by Garrey and Bryan^^ where- 
as a biphasic reaction (leucocytosis followed 
by leucopenia) was found by Fegler.^- Our 
own earlier work showed that conditions such 
as anoxic and anemic anoxia (Cress, Clare 
and Gellhorn^^) and chemically or electrically 
induced convulsions (Clare, Cress and Gell- 
horn^**) induce leucocytosis through secretion 
of adrenalin since this effect was absent in 
adreno-demedullated animals. In view of the 
fact that the experiment showing leucocy- 
tosis as a result of injection or secretion of 
adrenalin involved temporal relations quite 
different from those in which lymphopenia oc- 
curred as a result of conditions of stress a 
reinvestigation of this problem appeared de- 
sirable. The experiments reported in this 
paper show that lymphopenia may result from 
the injection of minute quantities of adrena- 


0 Walterhofer, G., Dcuisch. Arch. Klin. Jlcd., 
1021, 135 , 208. 

10 Nftegeli, 0., Bhilkcrankhcitcii iind Bluidiag- 
7iostiX', Berlin, 1931. 

11 Garrey, W. E., and Brynn, W. R,, Physiol 
Pev., 1935, 15 , 597. 

lOFegler, G., Conipt. Rend., 1027, 07, 066. 

13 Cress, C. H., Clare, F. B., and GeWwru, K, 
Am. J. Physiol, 1943, 140 , 200. 

li Clare, F. B., Cress, 0. H., and GelJljorn, E., 
A 7 in. Intern. ILed., 1944, 31 , 553, 
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TABLE n. 


Effect of Adrenocortical Extract on Action of Adrenalin (0.2 7/IOO g) on Lympliocyte Count 

of Hormal Bats. 



Lympliocytea in % 




Adrenocortical 

^ 


^ 




No. of rats extract 

0' 

30' 

60' 

t 

P 

Area in mg 

12 0 

100 

60 

19 

8.64 

<0.001 

172.7 

14 3 cc 

100 

S3 

81 



36.1 


cyte count. This confirms in principle the 
work of Sayers and Sayers and suggests 
strongly that adrenalin acts primarily on the 
adrenocortical hormones in the tissues. If 
their concentration is sufficiently lowered the 
anterior pituitary is stimulated, more adreno- 
trophic hormone is secreted which in turn 
causes an increased secretion of adrenocortical 
hormones and thereby a replenishment of 
these hormones in the tissues. 

Discussion. Intraperitoneal injection of 
adrenalin in doses varying from 0.05 to 1 
7/100 g causes in rats a marked lymphopenia 
while the number of neutrophils increases. 
However the effect on the lymphocytes is so 
great that the decrease in the total number of 
white blood cells is a reliable indicator of 
the action of adrenalin. This reaction is 
similar to that observed by Dougherty and 
White on injection of adrenotrophic hormone. 
The absence of this effect in adrenalectomixed 
rats is not due to a general deficiency in adren- 
ocortical hormones since the injection of 
adrenalin fails to alter the white blood count 
even in the adrenalectomized rats maintained 
%vith ample doses of adrenocortical extracts. 
The data suggest that adrenalin alters the 
uhite blood cell count through increased se- 
cretion of the adrenocortical hormones. The 
method is recommended for the assay of 
adrenalin since even 0.02 7 of adrenalin can 
be detected in small rats. 

The primary factor involved in the action 
of adrenalin on the lymphocytes seems to be 
the lowering of the concentration of adreno- 
cortical hormones in the tissues. This inter- 
pretation, advanced by Sayers and Sayers^^^ on 
the basis of experiments on the ascorbic acid 
content of the adrenal cortex, was confirmed 
by our studies on lymphopenia since in both 
instances pre treatment with adrenocortical 


extracts prevented or greatly diminished the 
action of stress and of injection of adrenalin. 

The lowered concentration of these hor- 
mones in blood and tissues furnishes the ef- 
fective stimulus for the anterior pituitary 
which through the secretion of adrenotrophic 
hormone makes an increased secretion of 
adrenocortical hormones possible. This in- 
terpretation makes it understandable that 
adrenalin produces lymphopenia in normal 
and adrenodemullated but not in adrenalecto- 
mized animals even after treatment of the 
latter with adrenocortical extracts. 

The observation of Long^ that adrenalin 
does not alter the ascorbic acid concentration 
of the adrenal cortex in hypophysectomized 
rats even after injection of anterior pituitar}^ 
extracts or implantation of the hjrpophysis 
does not invalidate this interpretation. It 
rather suggests that the increased secretion of 
the adrenotrophic hormone which follows de- 
pletion of adrenocortical hormones in the 
tissues is initiated by impulses in the hypo- 
thalamus. This interpretation will be tested 
in the near future. 

Summary. Adrenalin injected intraperi- 
toneally causes neutrophilia and a marked 
lymphopenia in rats in doses varying from 0.5 
to 1 7/100 g. This effect is absent in adren- 
alectomized animals and it is greatly dimin- 
ished in normal rats injected with large 
quantities of adrenocortical extracts. It is 
suggested in agreement with Sayers and 
Sayers that adrenalin increases the consump- 
tion of adrenocortical hormones in the tissues 
and that the lowering of their concentration 
in the blood leads to increased secretion of 
the adrenotrophic hormone which in turn in- 
creases secretion of adrenocortical hormones. 
The latter induce lymphopenia. 
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r ! causally related to the latter. However, as 



S’ra. 1. 

The eifect of the injection of adrenalin on the 
percentage changes of neotrophils and lympho- 
cytes. Each graph represents the mean of 10 
experiments. Doses of adrenalin of 0.05, 0.1, 0.2, 
1 7/100 g respectively were injected at 0* minutes, 

in the ivhite cell count. Also, rats were in- 
jected with doses totalling 3 cc of Upjohn's 
adrenocortical extract f in 24 hours, and 2 
hours after the last injection (1 cc) the e^ect 
of adrenalin was studied. This experiment was 
performed since Sayers and Sayers^® had 
noted that the effect of adrenalin and of 
various forms of stress on the concentration 
of ascorbic acid in the adrenal cortex was 
abolished'by pre treatment with adrenocorti- 
cal hormones. In a control test for this ex- 
periment normal rats injected with this extract 
showed no signiilcant changes in the white 
blood count between the second and third 
hour after the last injection of adrenocortical 
extract. Therefore any alteration in the white 
count which would occur during this period 
after the injection of adrenalin could be 

f Kindly supplied by Drs. Ingle and Hailmau. 

Sayers, G., and Sayers, U. A., JSndocrinoloi^iM 
1947, 40, 265. 


Fig. 2 shows, adrenalin fails to alter the white 
cell count of adrenalectomized rats in spite 
ofample supply of adrenocortical hormones. 

This result suggests that the. failure of 
adrenalin to alter the white count in adren- 
alectomized rats is not due to general meta- 
bolic disturbances resulting from the loss o! 
the adrenocortical hormones unless one as- 
sumes that the particular adrenal hormone 
necessary for this response is not present in 
the extract. However^ such an interpretation 
is incompatible with the following experiment 
in which the action of adrenalin on the white 
cell count of normal rats with and without 
previous treatment with large quantities of 
adrenocortical extract was studied. Table II 
shows that the pretreatment of normal rats 
with adrenocortical extracts greatly reduces 
the effectiveness of adrenalin on the i^mipho- 



Pa?. 5, 

Tbe eSect of tho injectioa of adceaalin (at 0 ' 
min.) on the Jeucocyto count; a, adr<Jna.Iectomized 
ruta injected with. 3 cc of adrenocortical extj-act 
(ITpjoIm) in 24 hours. Adrenalin (0.3 7 /IOO g) 
administered 2 hours after the last injection of 
the Dpjobn extract; b, adrenalectomized rata 
injected 1 7 /IOO g of adrenalin; e. normal 
rats, injected with 0.2 7 /IOO g of adrenalin. 
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activity were also noted at this time. \\ ithin a 
few hours the animal was lying on its side 
severe dyspnea was observed. This condition 
became steadily worse, and no food or water 
was ingested. This state continued during 
the second and the third day, the animal be- 
coming progressively weaker until it was un- 
able to rise. Seventy-six hours after with- 
drawal, when the monkey was removed from 
its cage to be photographed, e.xcitement and 
strug^ing led to further exhaustion^ and ex- 
treme weakness. Respiration was irregular, 
the animal was cyanotic, and it appeared to be 
moribund. Emergency measures such as intra- 
venous glucose, injection of caffeine, etc., were 
attempted in an effort to save the animal, but 
they were without avail. Postmortem exam- 
ination indicated an acutely dilated heart but 
no other significant changes were noted. The 
animal was generally in a good state of nu- 
trition. Withdrawal signs in the other mor- 
phine animal were also severe, but not as 
striking as those just described. 

Since these results are in essential agree- 


ment with those previously described by us, 
it seems apparent that the normal monkey 
differs from the dog and from the former 
human morphine addict in response to tins 
compound. The question must iiaturally be 
raised as to whether prolonged poisoning with 
morphine modifies or conditions the response 
of the human individual to subsequently ad-> 
ministered methadon and/or other compounds 
and if so whether normal human subjects, 
previously not addicted to morphine react like 
the monkey or like the dog. In view of the 
fact that no primary case of methadon addic- 
tion has thus far been described in man, the 
evidence to date suggests that the response of 
the normal monkey is similar to that of the 
non-addict. 

Summary. Racemic methadon adminis^ 
tered thrice daily in maximal tolerated' dose, 
does not induce a significant degree of physR 
cal dependence in the monkey {Macaca mu- 
lct t a) confirming previous experiments involv- 
ing single daily administration. 
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Activity Curves of Crude and Purified Inhibitors and Accelerators of 

Blood Coagulation.^ 


Leandro Tocantins and Robert T. Carroll, 

From ihe Division of Ilematoloffy, Department of J/edici'ue, Jeferson ATcdical College and 

hospital j Philadelphia* 


Most crude extracts of tissues possess in a 
variable proportion, clot inhibiting as ^vell as 
clot accelerating substances.^ Ordinarily, the 
clot accelerators are in dominance, and their 
action tends to mask the presence of the in- 
hibitors. It seems from the evidence here 
presented that testing the activity of these 
extracts or their purified derivatives at dif- 
ferent concentrations makes it possible to tell 
if they consist of such mixtures and, if so, 

* AitJed hy a grant from tlie IT. S. Public Health 
Service. 

1 Tocantins, L. il., Carroll, B. T., and ACcBride, 
T. J., Psoc. Soc. Exp. Biol, akd ^ed., 1948, 08, 
110 . 


whether they are predominantly clot accelera-^ 
tors or clot inhibitors. ^Moreover, the relative 
degree of purity (j,e. freedom from the antag- 
onist) of the extracts is reflected by the 
character of their own activity curves. An ex- 
tension of this concept has been made to the 
examination of the coagulant and anticoagu- 
lant content of other complex mixtures such 
as blood, plasma, and plasma fractions. 

1. Activity of crude cephalin mixtures. 
Cephalin was prepared from acetone dried 
human brain by a method previously de- 
scribed.- Crude cephalin refers to the prod- 

2 Tocantins, L. M., Aon, J, Physiol, 1945, 143,, 
67. 
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Further Observations on Addiction to Methadon in the Monkey.’* 

J. Cochin, C. C. GRUH2ir, L. A. Woods, and jM. H. Seevers. 

:From iho De^arUnent of J^harmocology, University of Jlichiyaiu 


In a study previously reported, Woods, 
Wyngaarden, and Seevers^ found that the 
monkey {Macaca mdatta) did not develop 
a significant degree of dependence to racemic 
methadont if the maximum tolerated dose was 
administered once a day for a period of 4 
months. Since these results are at variance 
with those obtained in the dog which shows 
marked signs during the first day of with- 
drawal/ and in former morphine addicts whc 
demonstrate a delayed and atypical abstin- 
ence syndrome beginning 5 days after the 
last dose/ it becomes essential to know 
whether a species difference exists in response 
to this drug; whether previous studies on the 
monkey were not correctly designed to es- 
tablish physical dependence because of the 
long interval between doses (24 hours); or 
whether the normal monkey responds to the 
drug like the normal non-addict human (no 
case of primary addiction to this drug having 
been reported thus far in this group of indi- 
viduals). In view of the fact that clinical 
facilities for studies of addiction may be in- 
adequate to take care of the large number of 
new analgesics coming to clinical trial, it is 
important to determine whether animals are 
of any value for preliminary screening of the 
addiction potentiality of new compounds. 

To obtain further information, racemic 
methadon was administered to 4 monkeys 
thrice daily in initial dosage of 2 mg/kg and 
raised to 7 mg/kg within 66 days, and con- 

by a grant-iiFaid from the Vnited 
States Public Hcaltli Service. 

1 Woods, L. A., Wyngaardeu, J. B., niid Seevers, 

H., Pboc. Soc. Exp. Biot, xkd IMed., 1947, fio, 
123 . 

t Through the courtesy of Dr. C. A. Bratton of 
Farke Davis S: Co, 

a Wikler, A., and Frank, K., FerJ. Free., 1947, 

384 . 

a Isbell, H,, Wikler, A., Eddy, X. B., Wihon, 

J. li., and Moran, C. F., J.AM.A., 194/, SS8. 


tinued thereafter on this regimen until the 
termination of the e.xperiment. Increase 
in the dosage above 7 mg/lcg resulted in ex- 
cessive depression, loss of appetite and weight, 
but the animals remained in excellent condi- 
tion on this dose. The two morphine con- 
trols were raised from initial dosage of 5 
Big/kg (15 mg/kg daily) to 50 mg/kg (150 
iBg/kg daily) in 112 days and continued 
thereafter on this dose. 

After 142 days of poisoning, both drugs 
were withdrawn and observations were made 
through a one-way vision glass panel, a tech- 
nical installation which eliminates modifica- 
tion of the animahs behavior by the presence 
of the observer. Abstinence signs^ were 
absent or minimal after methadon was with- 
drawn. Very slight pilomotor activity was 
present in all 4 animals after 30 hours, hut 
disappeared at the end of 72 hours. After 36 
hours, the monkeys were somewhat more irri- 
table than during the period of administra- 
tion but this, we believe, is a manifestation of 
the elimination of the slight depression pro- 
duced fay the methadon and a return to norm- 
al excitability rather than a true state of 
hypere.vcitability. No anorexia was noted. 
One animal showed moderate inflammation of 
the eyelids and cornea on the fourth day of 
withdrawal and tvvo had slight diarrhea on the 
fourth day. Otherwise no significant changes 
were observed. 

Very marked signs were noted in both 
animals withdrawn from morphine. One of 
these animals showed the most dramatic and 
severe abstinence signs ever observed by the 
senior author. This animal showed lacrima- 
tion, inflammation of the eyelids and cornea 
20 hours after withdrawal. Shivering, facial 
perspiration, chattering, intention tremor, 
muscular rigidity, twitching, and pilomotor 

Exy. Thcrap,, 1930, 

50, 147. 
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and anticoagulant fractions of the crude ex- 
tracts have antagonistic actions, and moreover, 
their curves of activity (Curves B and C) no 
longer have the biphasic character of the crude 
preparation (Curve A, Chart 1). Freed of the 
inhibitor, the purified cephalin at 1.4 percent 
concentration is a more potent coagulant than 
the crude cephalin. The monophasic curves 
seem to represent the activity of preparations 
fairly free of their respective antagonists. 

3. Activity of artificial coagulant-anticoag- 
ulant mLxtures. These were prepared by mix- 
ing different proportions of solutions of the 
purified coagulant and anticoagulant fractions 
of the brain. The curves of activity lor these 
mixtures (D,E,F, Chart 3) follow a course 
analogous to that of crude cephalin prepara- 
tions. The mixtures with more coagulant 
(Curve F) exhibit the biphasic behavior at the 
higher concentrations, while those with more 
anticoagulant (Curve D) display it at lo%ver 
concentrations. 

The foregoing led us to test the activities of 
various fluids such as blood, plasma and cer- 

ACTIVITY OF THREE MIXTURES 
OF PURIFIED COAGULANT 
AND ANTICOAGULANT 
FRACTIONS FROM BRAIN TISSUE 



Chart 3. 


EFFECT OF DILUTION (0 85% Na Cl) 
ON THE RATE OF COAGULATION 
OF VENOUS BLOOD 


^ 1800 

1600 - 

to 

^ 1400 - 

^ »200 

^ lOOO- 

^ 800- 

600- 

Q 

-j 400- 
200 ' 


COMCEMTRATJON of blood {%) 
Chart 4, 

tain plasma fractions separated by the Cohn 
method.^ 

Activity curves of blood and plasma. Blood 
was collected ^Yith special precautions^ and 
placed into 3 collodion coated tubes. One ml 
was placed in the first tube; the amount of 
blood in each of the other 2 tubes w*as so 
adjusted that in the second tube the blood was 
diluted to 60% of its volume (0.6 ml blood. 
0.4 ml 0.85% XaCl) and in the third tube to 
30% (0.3 ml blood, 0.7 ml 0.85% NaCl). 
All three tubes were gently tilted 2 or 3 
times and kept at As shown in Chart 

4, dilution of the blood to 60% of its volume 
accelerates its coagulation, and even when 
diluted to 30%, the blood still clots faster than 
when undiluted. Blood from hemophilics is 
even more strikingly affected by ‘dilution 
(Chan 5). 

HtT^ercoagulable blood, as observed after a 
severe hemorrhage, is little affected by con- 
tacting surfaces of different types^ and clots 
nearly as rapidly in glass as in collodion tubes. 
Dilution of such blood prolongs its rate of 
coagulation from the start (Chart 6), an indi- 

5 Coim, E. J., Blood , 194S, 3, 471. 

« Tocantins^ L, AL, Blood , 1946, 1, 156. 


OF NORMAL ADULTS 
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uct of only one precipitation of the ether- 
soluble lipid with cold absolute ethanol. This 
precipitate was washed once with acetone, the 
acetone removed and the waxy material well 
homogenized in a 1.4 g% solution in 0.85% 
NaCl, the pH being adjusted to 7.2 - 7.4. The 
activity of the preparation was then tested 
against citrated normal human plasma, col- 
lected and preserved with special precautions® 
and measured with collodion coated pipettes.® 
The clotting time of such plasma in collodion 
coated 13 mm wide tubes, at 38° (0.1 ml 
plasma, 0.1 mi 0.85% NaCl, 0.1 ml 0.02 M 
CaClj) ranges between 500 and 700 seconds. 

Testing the activity of this crude cephalin 
at decreasing concentrations yields a curve 
with a biphasic course (Chart 1), The great- 
est clot accelerating effect was obtained at a 
concentration of the lipid extract in the plas- 


ACTIVITY OF 

A CRUDE COAGULANT {CEPHAl/Nl 
FRACTION FROM HUMAN BRAIN 



Ch.vrt ^ 

CVphalin obtiiiivcd from 3. siuglo prccipitn- 
tiou tvirti absolute ethanol from au ether extract 
of humatt brain. lu this and subsequent similar 
charts, the abscissa refers to total mg of the upul 
coagulant or anticoagulant (or a mixture of both) 
added to 0.1 ml of recalcificd citrate d plasma. 

" STocandns, L. Physiol, 1943, 130, 

2<5o. 


ACTIVITY OF PURIFIED CEPHALIN 
(8). AND ANTICOAGULANT (ANTI- 
THROMBOPLASTIN) (C) FRACTIONS 
FROM HUMAN BRAIN. 



Mgm. per 0.1 ml. plasma 

Chart 2. 

nia of 0.35 g%, which corresponds well with 
the optimum range of concentration (0.06- 
1.0%) for the activity of crude cephalin 
observed by Hanziik and WeidenthaL*^ The 
crude cephalin at first gains clot accelerating 
power on dilution^ then reverses itself and 
progressively becomes less potent. Such bi- 
phasic activity curves seem to be an expres- 
sion of the coexistence of coagulants and their 
antagonists. 

2. Activity of purified extracts. The crude 
cephalin obtained by a single precipitation of 
the ether-soluble lipid was then purified by 
repeated precipitations with cold absolute 
ethanol. ^Turified cephalin'^ is used to desig- 
nate the ethanol insoluble lipid obtained after 
six successive precipitations. The mother 
liquors treated as described in method J, else- 
where' yielded a clot-delaying lipid, here des- 
ignated as ‘^purified anticoagulant” for anti- 
thromboplastin). 

.As shown in Chart 2, the purified coagulant 

^ Hnnzlik, P. J., and Wcideuthal, C, if., 

Phar. and Exp, Ther.^ 191P, 14, 157. 
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EFFECT OF SOLUTIONS OF VARIOUS PLASMA FRACTIONS I S S D) 
at different pH, ON THE 
COAGULATION OF NORMAL PLASMA 



mgm. dried plasma fraction 

Chart 7, 

The pH of the solutions Avas adjusted with dilute XaOH or HCl. A solution of each 
fraction in KaO was prepared; dilutions were made w'itU 0.8595: XaCi, 0.1 ml fraction, 0.1 ml 
normal citrated plasma, 0,1 ml CaCU (optimum molar concentration for each fraction/plasma 
mi.xture.) Fraction I usually contains the largest amount of citrate. 


especially the latter, were of the biphasic type. 
Testing the activity of the fractions in an acid 
solution (pH 5.) seemed to accentuate the 
biphasic behavior of fractions IV- 1 and IV-4. 
Even at pH 9, however, the trend of the 
curves was not significantly altered (Chart 7). 
The course of the curves suggested that these 
two fractions contained anticoagulant factors. 
A good portion of the lipoprotein complexes 
of the plasma is in fraction IV ® and it has 
also yielded the highest content of the lipid 
antithromboplastin/'* 

Discussion. These observations seem to 
make it desirable that the activity of pur- 
ported clot-accelerating and inhibiting sub- 
stances be tested over a wide range of con- 
centrations, using stable plasma as a sub- 
strate, held in surfaces which do not them- 
selves accelerate coagulation. Only in this 

SMulford, D. J,, Ann. Hcv. PhysioL, 1917, 0, 
327. 

9 Carroll, R. T., aud Tocantins, L. M,, Separa- 
tion of a Lipid Antitbromboplastln from Blood, 
Plasma and Plasma Fractions; presented at the 
International Congress of Hematology, Buffalo, 
August 23^ 194S. 


manner may it be possible to detect both 
coagulant and anticoagulant activity, since ex- 
cess of one may mask the action of the other, 
when the material is tested at a single con- 
centration. The most striking example of 
this behavior is found in fraction IV-4 from 
which an active anticoagulant may be sep- 
arated,^ yet the intact fraction is a clot ac- 
celerator. 

The slope of the activity curve of the puri- 
fied anticoagulant is much steeper than that 
of the purified coagulant. Within the range of 
0.35 - 0.07 mg the relation between concentra- 
tion of the material and clotting time is linear 
(Chart 2). The anticoagulant gains (or 
loses) activity in this range, at a considerably 
more rapid rate than the coagulant. The 
activity curves of the artificial mixtures 
(Chart 3) compromise between the steep slope 
of the purified inhibitor and the gradual 
straight rise of the purified coagulant. 

The biphasic course of the activity curves 
of normal blood and plasma seem to indicate 
that these fluids themselves are comple.x anti- 
coagulant-coagulant mixtures. The fact that 
diluted blood, though containing less pro- 
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EFFECT OF DILUTION (0.85%NaCI) 
ON THE RATE OF COAGULATION 
OF VENOUS BLOOD 



CONCENTRATION OF BLOOD {%) 
Ghaut 5. 

Dilutions carried out as explained in test. Pro- 
thrombin concentration of undiluted blood (l-stage 
method) 100% of norinaL 


effect of DJtUTION (0,85% NaC!) ON THE 
RATE OF COAGUUATiON 
OF THREE TYPES OF BLOOD AND PLASMA 



Chart 6. , 

Effect of dilution on the rate of coagulation of 
hemophilic, normal, and post-hemorrhagic blood 
and plasma. Blood diluted as descnbed la text. 
Plasma clotting mbttures: 0.1 ml plasma, 0.1 ml 
nssV,. NaCI 0.1 ml CaCU (molar concentration 
Stted to yutlon of pksma); collodion coated 
lubes at 38®C. 


ption that coagulants are predominant, the 
inhibitors having been reduced either by blood 
dilution in vivo during the hemorrhage, or off- 
set by entrance of coagulants (thromboplas- 
tin) into the circulation. 

The effect of dilution on hypocoagulable 
(hemophilic), normal and hypercoagulable 
(post hemorrhagic) plasmas is similar to that 
on whole blood (Chart 6). Hypercoagulable 
plasma which when undiluted clots many 
times faster than hemophilic plasma, actually 
clots slower than the latter, when both are 
diluted to below 20% of their original con- 
centration. If the curves on Chart 6 are 
compared with those of the mixtures of puri- 
fied coagulant and anticoagulant (Chart 3), 
it is apparent that the hemophilic plasma 
behaves like a predominantly anticoagulant 
mixture (Curve E, Chart 3) while the post 
hemorrhagic plasma is more like a predomin- 
antly coagulant solution (Curve B, Chart 2), 

The clot-accelerating effect of dilution is 
best demonstrated in paraffin or collodion.- 
In glass the principal effect of dilution is to 
prolong the time/ for glass itself accelerates 
coagulation and dilution of the blood will only 
reduce that effect. Even in glass, however, 
the clotting time of hemophilic plasma is sub- 
stantially reduced by dilution,- though the 
changes are not as impressive as in collodion 
or plastic tubes. 

5. Activity Curves of Vlasma Fractions. 
The dry plasma fractions were obtained from 
Dr. Cohn^s laboratory and the biological 
laboratories of Sharp and Dohme. Three per- 
cent solutions were made in 0.85% NaCl, and 
the pH adjusted to between 7.0 and 7.3. The 
fractions were tested on recalcified citrated 
normal human plasma, as described before. 

W^ith the exception of fraction V all frac- 
tions had clot-accelerating activity at concen- 
trations between 0.7 and 3%. Fraction III 
was the most potent due perhaps to its pro- 
thrombin and thrombin content.^ Fraction V 
was apparently inert; it did not seem to have 
either coagulant or anticoagulant action. The 
curves of activity for fractions IV- 1 and IV-4, 


T Copley, A, L., and Houlihan, JR. B., Sciefw, 
1944, 100, oOo, 
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TABLE L 

Simultaueous Urinary Pregnanediol Betcrnuna- 
tions hr the Venning Method and the Free Prcg- 
nanediol Method in Normal Pregnant Patients and 
in Pregnant Patients Who Were Taking Diethyl- 
stUhestroL 


No. 

Free preg.,* 
mg/24 Iir 

Administered 

diethylstilbestrol, 

mg 

NaPG* 
calculated 
as preg., 
mg/24 iir 

1 

11.93 

0 

7.91 

o 

19.72 

0 

15.54 

3 

i9.as 

0 

18.00 

4 

28.99 

0 

28.75 

-5 

35.40 

0 

33.S0 

6 

4S.S0 

0 

4S.70 

7 

11.53 

25 

13.9S 

s 

41.90 

50 

60.44 

9 

11.64 

50 

35.26 

10 

36.85 

100 

09.15 

11 

2S.73 

115 

75.42 

12 

20.77 

125 

60.10 

13 

31.05 

125 

83.55 

14 

51.46 

125 

96.13 


* These are uncorrected results. No attempt has 
heen made to account for losses during extraction. 


method for the determination of urinary preg- 
nanediol measures the glucuronide titer of the 
urine. Thus, other glucuronides than preg- 
nanediol are included in the results obtained. 
The method that has been in use in our labor« 
atory determines the amount of free pregnane- 
diol after acid hydrolysis.^ The following 
experiments were carried out to compare the 
results obtained by these two methods in 
normal pregnant women who were receiving 
no medication and in those to whom diethyl 
stilbestrol in varying amounts was adminis- 
tered. 

Methods and results. A series of 24 hour 
urine collections from normal women during 
various periods of gestation were analyzed 
simultaneously by the Venning method and 
by the method for free pregnanediol used in 
our laboratory. There was an extreme^ close 
correlation in the results obtained by the two 
procedures (Table I). The figures tabulated 
are uncorrected since it seemed to us that 
some loss of pregnanediol would occur in both 
methods. 

Simultaneous pregnanediol determinations 
by both methods were made in a second group 

T Smitb, A. E. W,, and Williams, P. C., Bfo. 
chc7ii. J., 104$, 42, 253. 

s Yemiiug, E. H., BioL Chem., 1037, 119. 473. 


of pregnant patients to whom varying amounts 
(25 to 125 mg) of diethylstilbestrol were ad- 
ministered daily. The Venning method yield- 
ed substantially higher values than the method 
used in our laboratory. Furthermore, the 
increase obtained by the Venning method over 
that obtained by the free pregnanediol pro- 
cedure was roughly in proportion to the 
amount of diethylstilbestrol administered to 
the patient. 

A small group of patients in various stages 
of pregnancy under observation in the hos- 
pital was used for the following experiment. 
The urine was collected for several 24 hour 
periods and urinary pregnanediol levels were 
determined by both methods. The patients 
then received a single oral dose of 200 mg of 
diethylstilbestrol and urine collections con- 
tinued. These, too, were analyzed for preg- 
nanedioL The results of the determinations 
prior to the administration of diethylstilbestrol 
were comparable in both procedures. How- 
ever, there was a marked increase in the 
amount obtained by the Venning method fol- 
lowing the administration of the estrogen. 
(Fig, 1) Furthermore, in most cases this 
increase occurred during the 24 hour period 
following the ingestion of the diethylstilbestrol 
but in one patient there was a short delay so 
that the increased amount did not appear until 



days 

Fig. 1. 

^ Simultaneous urinary pregnanediol determina- 
tions by tbe Venning method and the free preg- 
nanediol method in a normal pregnant patient 
before and after the administration of diethyl- 
stilbestrol. 



^36 DlETHYLSTItBESTROL ON OUTPUT 

thrombin, platelets, ac-globulin and fibrino- 
gen clots faster than intact blood, is an indica- 
tion of the effectiveness of inhibitors in block- 
ing or offsetting changes in these coagulation 
factors. Moreover, since the coagulation of 
hemophilic blood or plasma is greatly short- 
ened by dilution, it is difficult to understand 
how a deficiency of a plasma constituent can 
be responsible for the defect in this disorder. 
Dilution would naturally tend to accentuate 
the deficiency and thereby further delay 
coagulation. 

Sttmmary. Crude and purified cephalin 


OF Urinary Pregnanediol 

and antithromboplastin e.xtracted from brain 
tissue yield characteristic activity curves 
when tested at different concentrations, on 
stable citrated normal human plasma. Mod- 
erate dilution accelerates the coagulation of 
normal and hemophilic blood and plasma and 
delays that of posthemorrhagic blood and 
plasma. Excepting fraction V, all Cohn’s 
plasma fractions have coagulant action; only 
fractions IV-1 and IV-4 display a biphasic 
curve of activity, an indication that they are 
mixtures of coagulants and anticoagulants. 
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Does Administration of Diethylsfilbestrol to Pregnant Women 'Result in 
Increased Output of Urinary Pregnanedio!?* 

M. Edward Davis and Nicholas AV. Fugo. 

From the Department of Ohsteirics and (xynecologpy and of Pharmacologyj The Universiiij of 
Chicago and The Chicago Lying-in Sospiial. 


In 1946 there appeared in the literature the 
interesting observation that the oral adminis- 
tration of diethylstiibestrol to a pregnant dia- 
betic woman resulted in an increased excre- 
tion of urinary pregnanediol as measured by 
the Venning method.^ This finding was in- 
terpreted by the authors as an index of in- 
creased production of steroids by the placenta 
brought about by estrogenic stimulation. They 
suggested the oral administration of diethyl- 
stilbestrol in the prevention and treatment of 
the accidents of late pregnancy such as the 
toxemias, premature fetal death and diabetic 
complications associated with gestation. 

In an earlier report" we were unable to 
demonstrate increased pregnanediol excretion 
in patients receiving large amounts of diethyl- 
stilbestrol early in pregnancy. During the 
past 2 years we have studied a large group of 

* This work has been done under a grant from 
tke Douglas Smith Foundation for Medical Be- 
search of the University of Chicago, 

1 Smith, 0. W., Smith, G. V, S., and Huru-itz, 
D., Am. J. Ohst a7id Gynec,, 1946, 51, 411. 

2 Davis, M. D., and Fugo, N. W., Proc. Soc. 
Exp. Biou. and Med., 1947, G5, 283. 


patients who presented a variety of preg*' 
nancy complications in early and late gesta- 
tion, Large amounts of diethylstiibestrol (5 
to 200 mg daily) were administered to these- 
women and bi- and tri-weekly urinary preg- 
nanediol determinations were made by a 
method described by us in a previous com- 
munication.^ No obvious increase in free 
pregnanediol was apparent in any of our 
studies. The results of these observations are 
in the process of publication. 

The apparent discrepancy in the results 
obtained from the administration of diethyl- 
stilbestrol to pregnant women by the Smiths 
and in our own laboratory led us to seek an 
explanation. It has been reported in num- 
erous publications'*’'" that in the metabolism of 
diethylstiibestrol it is conjugated and ulti- 
mately excreted as a glucuronide. The Venning 

3 Davis, M. E,, and Fugo, N. W., Proc. Soc. 
Exp. Biol, and Med., 1947, 60, 39. 

Zondek, B., and Sulman, F., Kaiure, 1939, 
144, 596. 

5 Stroud, S. W., J. Endocrinology, 1939, 1, 201. 

6 Mazur, A., and Short, E., /. Bioh Chcm.y 1942„ 
144, 283. 
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the female during the estrus cycle. (2) The 
male sex hormone might have exerted an an- 
tagonistic effect on the carcinogenic action of 
the estrogenic hormone.'^ 

The present e.xperiments tvere carried out 
in order to obtain further information con- 
cerning the role of the age factor in estrogen- 
induced mammary cancers. 

Material and methods. One hundred and 
twenty-three male mice of ,the closeh' inbred 
strain C3H, raised in our laboratory, and 
kept on a standard diet of Purina Laboratort^ 
Chow and water were used. Sixty-five animals 
were castrated at the age of 3 to 4 weeks. 
Twenty-three castrates (Group I) and 26 
animals with intact testicles (Group II) re- 
ceived subcutaneous injections of 0.03 mg 
(200 Rat Units) of alpha estradiol benzoatet 
in sesame oil once a week for 5 months start- 
ing at the age of one month. The remaining 
42 castrates (Group III) and 32 mice with 
intact testicles (Group IV) were injected 
w'ilh the same amount of hormone for the 
same length of time, but the treatment was 
begun at the age of 4 months. The animals 
were inspected at weekly intervals for the ap- 
pearance of tumors and leukemia. Dead 
animals were examined for gross lesions. 
Tumor-bearing mice or animals which looked 
sick were killed. The tumor and 3 or 4 
mammary glands, pieces of internal organs 
and some bones were removed and saved for 
histological studies. These findings will be 
reported at a later date. 

Observations. The results are summarized 
in Table I. The first breast tumors were 
noted at the age of 7 months, and, therefore, 
mice living to this age and beyond are listed 
as animals ^'reaching the tumor age”. These 
animals were distributed, as follows: 

Group I: Castrates receiving the hormone 
from 4 weeks of age on: 18. 

5 Lacxissagtte, A., and Kaynaud, A., Com^jf. Jicnd. 
Soc. Biol., 1939, 131, 186. 

« Xathanson, I. T., and Andcrvont, H. B,, Proc. 
Soc. Exe. Biol, axo Med., 1939, 40, 421. 

“ Gardner, 'SV. U., Cancer Bes., 1946, (J, 493. 

S Jones. E. E., Cancer lies., 1941, 1, 7S7. 

t \Ve arc indebted to tbe Sebering Corporation 
for the generous supply of Piogyuon-B. 
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the second 24 hour urine collection. This 
patient had serious kidney damage which may 
have accounted for the delay in excretion. No 
attempt was made to determine the amount of 
diethylstilbestrol excreted in the feces. 

Finally, the material obtained from the 
Venning procedures was assayed qualitatively 
for estrogenic activity using the castrated 
female guinea pig as the test animal. Open- 
ing of the vaginal canal by dissolution of the 
vaginal membrane was taken as the index of 
estrogenic activity. It was found that only 
those samples which showed an increased 
pregnanediol titer with the Venning method 
over the free pregnanediol method exhibited 
estrogenic potency during the period of obser- 
vation. 

Nummary and conclusions. When diethyl- 
stilbestrol is administered to a woman during 
pregnancy, much of this material appears in 
the urine as a glucuronide. In the Venning 
method for the assay of urinary pregnanediol, 
all of the glucuronides are included in the 
final determination. Thus diethylstilbestrol 


glucuronide as well as pregnanediol glucuron- 
ide appears in the result obtained. The ap- 
parent rise in the urinary pregnanediol values 
obtained by the Venning method may be due 
to the ingested diethylstilbestrol which is con- 
jugated and eliminated in the urine. The 
figures do not indicate an increased produc- 
tion of progesterone and resultant increased 
output of urinary pregnanediol. 

Increasing amounts of diethylstilbestrol are 
being used in the treatment of pregnancy 
complications. In most instances the theory 
behind this therapeutic measure is that this 
estrogen stimulates steroid production. If 
urinary pr^nanediol is to be used as a measure 
of increased steroid metabolism the value of 
diethylstilbestrol is open to question. It is 
possible that diethylstilbestrol exerts a favor- 
able influence on placental circulation or on 
early placental development. However, there 
is no evidence that it results in an increased 
production of progesterone if urinary preg- 
nanediol is to be regarded as an index of pro- 
gesterone metabolism. 
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Age Factor in Estrogen-Induced Breast Cancers of Mice.^ 

Martin Silberberg and Ruth Silberberg. 

From ihc Snodgras Lahoratorg, City Sospitalf Saint LoidSf ^£o. 


In male mice of strains C3H and D, the 
age at the beginning of the treatment was one 
of the factors which determined the suscepti- 
bility of these animals to estrogen-induced 
breast cancers^ and leukemias.'"^ The breast 


* TJiis investigation was supported By a research 
grant from, the National Cancer Institute of the 
National Institute of Health, L. S. Public Health 
Service. 

1 (a) Loeb, L., Harvey Lectures, 1911, 30, 228 j 

(b) Loeb, L., Biol Symposia, 1945, H, 197; 

(c) Loeb, L., SunUeif, V., Burns, F. U, and 
Selieuken, I. B,, Arch, FaihoL, 1944, 3S, o-. 

2 3Iurphy, J, B., Cancer Fes., 1944, 4, C22. 

3 Silberberg, H., and Silberberg, K., Proc, Soc. 

Exp. Biol, and 1945, 3S, 347. 

4 Law, L. N., J. Fat Just. Cane., 1947, iJ, 157. 


cancer rate was higher in mice injected witli 
estrogenic hormone before or about the onset 
of sexual maturity than in those receiving the 
hormone from the age of 4 to 6 niontlis on. 
In female mice similarly treated, this age ef- 
fect was much Jess conspicuous or lacking. 
According to Loeb,^^ these findings suggest 
the following interpretation: (1) In younger 
mice, the breast tissue itself might be more 
susceptible to growth stimulation than in older 
animals. If this is the case, however, the 
lack of an age effect in females would be 
difficult to explain. Still, such an age factor 
might be present in female mice also, but it 
might be obscured or neutralized by the peri- 
odic stimulation of the mammary gland by 
the intrinsic estrogenic hormone produced in 
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than in the older ones (Group IV) , the mean 
tumor age being in Group 11 10.7 months, and 
in Group IV 17 months. Three months of 
this interval can be accounted for bj'' the 
3 months* delay of the hormonal treatment in 
the older group. However, the additional 3.3 
months* difference has to be attributed to 
conditions of the experiment. Although the 
absolute number of tumors observed in these 
two age groups is small, the increase in the 
latent periods is in agreement with the de- 
crease in the tumor incidence. It is, there- 
fore, not unlikely that both are governed by 


similar factors. 

Su)n)n(iry. ^lale mice of strain C3H cas- 
trated at the age of 3 to 4 weeks and injected 
with alpha estradiol benzoate immediately 
after castration develop a larger number of 
breast cancers than males castrated at the 
same age but injected from the age of 4 
months on. Thus, an age factor operates in the 
susceptibility to estrogen-induced mammary 
cancers in male mice. This age factor is in- 
dependent of the testicle but acts synergis- 
ticaiiy with it. 
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Effect of Insulin and Glucose Upon Survival Time of Eviscerated Rats. 
Dwight J. Ingle and Jahes E. Nezamis. 

From the Fesearcli Zahoraiorles, The Vpjohii Company ^ Kalamazoo, 


The data of these experiments show that 
the administration of glucose with insulin to 
the eviscerated rat permits longer survival 
times than the administration of glucose alone. 

Methods, hlale rats of the Sprague-Daw- 
ley strain were fed Friskies Dog Cubes. At 
a weight of 185 to 205 g, the inferior vena cava 
was ligated between the liver and the kidneys 
in order to cause the development of a collat- 
eral circulation. Asepsis was preserved in 
this operation. When the animals reached a 
weight of 250 rh 2 g they were anesthetized 
(intraperitoneal injection of 18 mg of cyclo- 
pen tenylallyl-barbituric acid sodium) and evis- 
cerated by the method of Ingle and Griffith.^ 
Hemostasis was attained by applying a gelatin 
sponge (Gelfoam, Upjohn) with thrombin 
to the stumps of the oesophagus, colon, ligated 
vessels and between the muscle and the skin 
when the incisions were closed. The animals 
were not fasted prior to operation. Intra- 
venous infusions of solutions of glucose (C.P. 
Dextrose, Merck) in 0.9% saline with and 
without added insulin (Crystalline zinc in- 

I Ingle, B. J., and Qrifath, J. Q,, Chapter 16, 
The rat in laboratory investigation. J. B. Lippia' 
cott Co., Philadelphia, 1942. 


sulin, Lilly) were made by continuous in- 
jection machines which delivered fluid into 
the saphenous vein of the right hind leg at 
the rate of 20 cc per 24 hours. The glucose 
loads used in this experiment represent 
amounts which sustain the average level of 
blood glucose at approximately normal values 
during a period of 24 hours. Temperature 
was constant at 26.5 zt 0.5®C, 

The time at which the heart of the rat stop- 
ped beating was determined by use of a heart- 
beat amplifier (Model A, Upjohn) which was 
designed to amplify the D.C. potential gener- 
ated by the heart beat to actuate a 6-point 
recording mechanism (Leeds and Northrop 
Alicromax S.) This apparatus gives a per- 
manent visual record of an all-or-none re- 
sponse of the amplifier to the beating heart for 
6 animals simultaneously. 

In Experiment I, 21 eviscerated rats were 
given a glucose load of 4 mg per 100 g of 
rat per hour (4/100/h). The average sur- 
vival was 1748 minutes ±: 113 (standard 
deviation of the average). Glucose loads of 4/ 
100/h without insulin and 40/100/h with 
insulin are each able to sustain approximately 
normal levels of blood glucose during 24 hours 
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Group II: Controls receiving the hormone 
from 4 weeks of age on: 19. 

Group III: Castrates receiving the hor- 
mone from 4 months of age: 40. 

Group IV : Controls receiving the hormone 
from 4 months of age on; 25. 

In males with intact testicles injected 
with alpha estradiol benzoate for 5 months 
from the age of one month on (Group II), 
the cancer rate was 15.8%; the tumors ap- 
peared at a mean age of 10.7 months. In 
males with intact testicles treated similarly 
but receiving the hormone from the age of 
4 months on (Group IV), the cancer incidence 
was 4%; the single tumor observed developed 
at the age of 17 months. Thus, in the young- 
er control group, the estrogen-induced neo- 
plasms were almost 4 times more numerous, 
and they appeared 6.3 months earlier than in 
the older control group. These results are 
essentially in agreement with the findings 
obtained by Loeb and his co-workers.^’^ 

In males castrated at the age of 3 to 4 
weeks and injected immediately with alpha 
estradiol benzoate for 5 months (Group I), 
the incidence of tumors was 44.4% ; the neo- 
plasms appeared at a mean age of 9.7 months. 
Orchidectomy thus raised the tumor rate in 
this age group about threefold and accelerat- 
ed the appearance of the cancers by one 
month. Of males castrated at the age of 3 
to 4 weeks but receiving the estrogenic hor- 
mone from the age of 4 months on (Group 
III), 30% developed mammary cancers as 
compared with 44.4% in the group injected at 
an earlier period of life, and the tumors were 
noted at a mean age of 12.8 months. Thus, 
in the older age group, castration increased 
the incidence of estrogen-induced breast can- 
cers lYz times and advanced the time of their 
appearance by about 4.2 months over that 
seen in mice with intact testicles. 

Discussion. Orchidectomy performed be- 
fore the onset of sexual maturity raised the 
incidence of estrogen-induced breast cancers. 
This increase was observed not only if the 
hormonal treatment was begun immediately 
after castration^ but a lso, if the injections were 

^ 2jij2er, K W., and Pybus, F. C,, and 

Bact, 19^; 


started as late as 3 months after removal of 
the testicles. However, the results obtained 
in these 2 age groups differed in degree: Cas- 
trates injected from the age of one month 
on, showed a cancer rate about 50% higher 
than those in which the hormonal treatment 
was begun at the age of 4 months (44.4% iu 
castrates of Group I as compared with 30% 
in castrates of Group III) . These two groups 
of castrates thus showed variations in the 
incidence of estrogen-induced breast cancers 
similar, to those occurring in the correspond- 
ing mice with intact testicles. However, 
whereas in the latter animals the tumor rate 
of the two age groups differed as much as 
300%, the difference in injected castrates of 
the two age groups amounted to about 50%. 
This latter difference in the cancer rate of 
both age groups thus occurred In the absence 
of the testicles. It can, therefore, not be 
attributed to any inhibiting effect of the sex 
glands but it must be caused by certain extra- 
testicular factors. It would be premature to 
define more precisely the nature of this age 
factor. It is presumably located in the 
mammary gland itself and constitutes a loss 
of responsiveness to estrogenic sthnuhtion 
with advancing age, an interpretation which 
would be in agreement with the suggestion of 
Loeb.^b 

A decrease of susceptibility ma}^ manifest 
itself not only in a lowered cancer incidence 
but also in a prolongation of the latent period 
of tumor development. In our present experi- 
ments, the latent period was apparently not 
influenced by the age of the castrates at the 
beginning of the hormonal treatment: In the 
younger castrates (Group I), the estrogen- 
induced breast cancers appeared 3.1 months 
earlier than in the older castrates (Group 
III), the mean tumor age being 9.7 months 
in the younger and 12,8 months in the older 
group. This difference in time corresponds 
to the 3 months’ delay of the administration 
of the estradiol. This result may be correlat- 
ed to the comparatively small difference in 
the tumor incidence of the two groups. On 
the other hand, in younger animals with in- 
tact testicles (Group II), estrogen-induced 
breast cancers appeared 6.3 months earlier 
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the action of diethyldithiocarbamate upon the 
oxj'gen uptake of active and blocked cells of 
the embryo of the grasshopper, Mela}Wplus 
di^crcntiaUs. This compound is of especial 
interest since it has been extensively employed 
in methods dealing with the quantitative de- 
termination of copper. Loose physico-chemi- 
cal compounds of copper are readily formed 
with it and this property, along with that of 
its being a carbamate, make it of especial 
interest for problems of cellular physiology. 

Material and ntetJwds. The embiy'o of the 
grasshopper has proven to be extremely favor- 
able biological material for investigating cellu- 
lar reactions since it can be obtained both in a 
growing or mitoticalh" active state as well 
as in a resting or blocked condition in which 
no mitotic activity is present.^ Embrv’^os w^ere 
dissected from eggs in sterile phosphate buf- 
fered Ringer solution (pH 6.8) and treated 
as previously indicated.^ All solutions of sodi- 
um diethyldithiocarbamate were made up in 
Ringer solution and final concentrations were 
calculated from the amounts added to the 
respiration flasks. Standard Warburg tech- 
nics with flasks of 5 cc capacity were employed 
at 25 One hundred embryos were used in 
each flask and 12 to 18 manometers employed 
for each concentration of reagent. 

Results^ All remarks concerning the action 
of diethyldithiocarbamate should be prefaced 
with the fact that no signiucant differences 
in the reactions of mitotically active and 
blocked cells to this reagent have been found. 
Data presented, therefore, apply equally w’ell 
to both physiological states of the cells. 

The qualitative nature of the response of 
the oxygen intake of the embr\'onic cells to 
the reagent is strikingly similar for ail con- 
centrations employed. However, differences 
in degree of response, due to increased con- 
centrations of the reagent, occur. Low con- 
centrations produce only stimulation. In 
general (Fig. 1), an initial inhibitory period 
followed by a marked increase in oxygen con- 
sumption is noted for all high concentrations 

< E, H.. J. Morph, (iiuJ 1931, 

51, G13. 

•iBodjJu*, J. H., and Fitzgt-rald, L. P., J?hu^iol. 
ZooU 104S, 21 , ,303. 



effect of eoucetit rat ions of dietiiylditliio- 
carbamate ou the oxygen consumption of active 
and bloelied cel3s of tbe embryo. Solid circles, 
active cells; open circles, blocked cells. Abscissa, 
tinre in minutes; ordinates, mm^ Oo per 100 em- 
bryos per 10 minutes. Arrow indicates time of 
addition of drug. Concentrations in molarity 
indicated. 

of the reagent. The length and degree of the 
inhibition and stimulation seem directly re- 
lated to the concentration of the drug. 

Embryos exposed to high concentrations 
for periods of 30 to 60 minutes and then 
washed and resuspended in Ringer solution, 
show almost complete recovery as indicated 
graphically in Fig. 2. As a matter of fact, 
the response of the embrv^o left exposed con- 
stantly to the reagent for periods comparable 
to those for w^ashed embryos in Ringer solu-, 
lion, as in the above recovery experiments, 
show much higher rates of oxy'gen intake. 
Apparently constant exposure to the reagent 
is essential for the types of response normalty 
shown b}' the embryos. 

Since diethyldithiocarbamate is definitely 
knowm to unite with copper it becomes of some 
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and longer. Twenty-two similar rats were 
given a glucose load of 40/i00/h with 4 
units of insulin per 24 hours per rat. The 
average sundval was 2017 ± 77 minutes. 
The standard deviation of the difference (269) 
between the averages was 137 giving a ratio 
of K96 between the difference and its stand- 
ard deviation, thereby indicating a statistic- 
al probability of 95 chances in 100 that the 
average survival of insulin treated rats is 
greater than the average survival of rats not 
treated with insulin. 

In Experiment 2, 20 eviscerated rats were 
given a glucose load of 6/100/h without 
insulin. The average survival was 1828 ±114 
minutes. Twenty-one eviscerated rats were 
given a glucose load of 44/100/h with 4 units 
of insulin per 24 hours per rat. The average 
survival was 2194 ± 75 minutes. The stand- 
ard deviation of the difference (366) between 
the averages was 137 giving a ratio of 2.7 be- 
tween the difference and its standard devia- 
tion, thereby indicating a statistical proba- 
bility of 99 chances in 100 that the average 
survival of the insulin treated rats was greater 
than the average survival of the rats not 
treated with insulin. 

When the survival times for the insulin 


series of both experiments were averaged to- 
gether and the survival times for the no-insulin 
rats were averaged together, the standard de- 
viation of the difference (316) in averages 
was 54 giving a ratio of 5.SS between tlie dif- 
ference and its standard deviation, thereby 
indicating that the direction of the difference 
in averages was highly significant from tiie 
standpoint of statistical probability. 

Discussion, This is one of a series of 
studies on factors which influence the suivdval 
of eviscerated rats. The times of survival can 
be prolonged by the continuous intravenous 
injection of saline only;^* the addition of glu- 
cose without insulin prolongs survival and the 
administration of higher loads of glucose with 
insulin gives further prolongation of average 
survival times. The longest survival of any 
animal in these experiments was 44 hours and 
4 minutes. 

Summary, Eviscerated rats were given con- 
tinuous intravenous infusions of glucose in 
saline. The addition of insulin and glucose 
prolonged the survivals of these animals to a 
greater extent than did glucose without insulin., 

- Ingle, D. J., Sheppard, E., and Winter, H. A., 
Am, J, 1915, 144, 255. 


16748 

Effect of Diethyidithiocarbamate on the Respiration of Active and Blocked 

Embryonic Cells.* 

J. H. Bodine and L. R. Fitzgerald. 

Fro??i t7ie Zoological Lahoratory, State Vniversity of Iowa, Iowa City, la. 


The action of urethanes (carbamates) on 
respiration and related phenomena of living 
cells, in general, shows a marked stimulation 
with low doses and a corresponding definite 
inhibition with higher c oncentrations.^ The 

* Aided by grant from the National Institute of 
Health, Acknowledgment is gratefully made to 
Etta Aiidre\Y3, John Johnston, and Herman Tharp 
for technical assistance in carrying out these 


experiments. 

lEisher, K. C., and Henry, B. J., J. 
Physiol. f 1943, 27, 469. 


Gen. 


efficiency of homologous series of these com- 
pounds in producing these reactions increases 
markedly with thair increase in carbon con- 
tent.' Recent results concerning their car- 
cinogenic activity add further interest to an 
elucidation of their basic reactions upon liv- 
ing cells and tissues.^ The present report is 
concerned with results of e.xperinients upon 

*-2 Taylor, G. W,, J. Cell and Comp. Phy^ol, 
1936, 7, 409. 

3 Larsen, 0. D,, J". An/. Cancer Inst.^ 19^/, 8, 99, 
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3. In general, diethyldithiocarbamate pro- 
duces stimulation in low doses and in high 
doses an initial inhibition followed by a 
marked stimulation in the oxygen intake of 
embryonic cells. 


4. Partial recovery from high initial doses 
of the reagent occurs. 

5. Copper salts are markedly antagonized 
when in the presence of the carbamate. 
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Alkaline Phosphatase of the Serum in Experimental Lathyrism of the 

White Rat. 


Alpred Y.-H. Chu,* Adam A. Christman, and Howard B. Lewis. 

From t?ie Dcpai^inent of SioloQicol Chemistry j 'Medical Schoolf University of Michigan, Ann ■ 

ArVoCf Mich. 


Lathyrism, a condition associated with the 
consumption of considerable amounts of le- 
gumes of the genus Lathynis, notably Lathy- 
riis sativiiSj clymenuMf and cicera, is a disease 
of frequent occurrence in man in certain re- 
gions of India, North Africa and It 

has also been observed in domestic animals al- 
though marked species variation in suscepti- 
bility to the intoxicant has been noted. The 
causal agent, a toxic component of the seed, 
has not been isolated, nor is the mechanism of 
the production of the disease known. The in- 
toxicant appears to act as a neurotoxin.'^ 

Recently Rudra and Bhattacharya^ have 
reported a marked increase in serum alkaline 
phosphatase content in human lathyrism. Ten 
male patients, ranging in age from 16 to 45 
years were studied. Neither the duration 
nor the intensity of the disease was stated, 
although it was observed that “usually the 
serum-phosphatase level is a measure of the 

* Fellow of the American Committee for Medi- 
cal Aid to China. Present address: Kational 
Hsiang Ya Medical College, Changsha, Huuan, 
China. 

1 Schuchardt, B., Dent. Arch. hlin. Med., 1886- 
87, 40, 312. 

-Stockman, R., J. Fharm. Exp. Thera p.^ 1929, 
37, 43. 

sBiaz, C. J., Fevista cliu. Fspanol, 1941, 3, 303. 

FiUmonof!, I. 1^., Z. ges. E enrol. Fspehictr., 
1920, 105, 70. 

5 Rudra, M. N., and Bhattacharra, K. P., 
Lancet, 1940, 1, CSS. 


severity of the disease.” In the group, the 
enzyme content of the serum ranged from 18.7 
to 56.5 units (Bodansky), with an average of 
38.7. In a group of 12 healthy males of the 
same age range, the phosphatase content 
varied from 0.8 to 5.7 units. The minimal 
value of the lathyrism group was 228% 
higher than the maximal value of the normal 
group. 

Experimental lathyrism has been produced 
in young rats fed diets which contained con- 
siderable amounts of the seed of the flower- 
ing sweet pea (Lathy ms odoraius)^*'^ and 
other species of Lathyrus. In view of the 
marked increases in alkaline phosphatase of 
the serum reported in human lathyrism, %ve 
have studied the enzyme content of the serum 
in experimental lathyrism of the white rat 

In preliminary experiments with young 
{50 g) rats, difficulty was experienced in ob- 
taining amounts of serum sufficient for serial 
determinations during the course of the ex- 
periments. Subsequently we have employed 
somewhat older animals in which it was pos- 
sible to secure repeated samples of blood for 
analysis as the symptoms of lathyrism 
developed. With older animals, however, the 
onset of lathyrism is greatly delayed and the 

G Geiger, B. J,, Steenboek, H., and Parsons, 
H. T., J. A’lUrition, 1933, 6, 427. 

•7 Lewis, H. B., Fajaiis, R. S., Esterer, M. B., 
Chen, C.AV., and Oiiphant, M. J., A^ufritto/i, 1948, 
ao, 537. 
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interest to consider such a reaction as a pos- 
sible way of throwing light upon the manner 
of its biological action. Copper acetate alone, 
when added to embryos produces a rather 
marked toxic effect (Fig. 3), Embryos ex- 
posed to the carbamate and then subjected to 
a similar concentration of copper acetate, show 
a rather marked decrease in the effects of the 
added copper. Such a result is probably due 
to the copper carbamate compounds formed 
Avhich' in turn are much less soluble and less 
toxic than the pure copper acetate. Whether 
the copper is added during the inhibitory or 
stimulating phase of the carbamate effect 
seems to make little difference in the results 
produced. This rather rapid and definite bind- 
ing of copper by this reagent suggests that in 
its action upon the respiratory mechanism of 
embryonic cells some similar reaction may pos- 
sibly occur. That sulfhydril-containing com- 



PIQ. 2. 

Shows recovery curves for embryos iren fed with 
dietbyldithiocarbamate for 30- and 60*iniiiute 
periods. Abscissa, time in minutes j ordmate, total 
oxvffen (nun3) per ZOO embryos. Solid cycles, 
control enibrj^os in Ringer solution. Open circles, 
similar embryos treated for GO minutes m O.OIGG 
M dietli^dditluocarbamate, removed, "i^shed in 
Rinaer and oxygen uptake determined. Triangles, 
em^yos trea^d for 30 minutes vpith reagent and 
treated as for open circles. 



Shows the effect of additions of copper acetate 
and diethyidit Mo carbamate upon the oxygen con- 
sumption of active cells of embryo. Abscissa, 
time in minutes; ordinate, mm3 per 100 em- 
bryos per 10 minutes. Arrow indicates time of 
addition of reagent from the si dearm into flask. 
Open circles, embryos in 0.01G6 il diethyldithio- 
carbamate. Ringer solution added from sidearm. 
Triangles, embryos in Ringer solution, copper 
acetate added from sidearm (final cone. = O.OOS 
M). Solid circles, embryos in 0.0166 M diethyl- 
ditUiocarbaiuate. 0.0253 M copper acetate added 
from sidearm (final cone. =: O.OOfi if). 

pounds have especial affinity for copper-bear- 
ing enzymes seems Avell established,^ 

A significant feature in the effects of 
diethyldithiocarbamate on the oxygen intake 
of embryonic cells is the striking difference in 
its responses compared with those for other 
carbamates such as ethyl carbamate (ureth- 
ane) . In the case of the latter, a stimulation 
occurs in low doses and a marked and con- 
stant inhibition in higher doses while for 
diethyldithiocarbamate low concentrations 
stimulate but with high concentrations an 
initial marked inhibition is invariably followed 
by stimulation. Further investigation seems 
necessary in order to definitely determine the 
reason for these basic differences in the re- 
actions of such compounds. 

Simmary and Conclusion, 1. A study has 
been made on the effects of sodium dietbyh 
ditbiocarbamate on the oxygen cojusumpthn 
of mitotically active and blocked embryonic 
cells of the embryo of the grasshopper, Mclan- 
opliis difterentialis, 

2, No significant differences in response of 
the active and blocked cells to the reagent are 
noted. 

G Barron, E. S. G., anfi Singer, T. P., J, Bio, 
CheiiUf 1945 1 137, 221. 
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Hepatic Inactivation of Testicular Androgen in the White Leghorn 

Cockerel 


E.-Cranston Bernstorf. 

From the Department of Zoologif, 

Both the ovary and testis show a marked 
hypertrophy when grafted into the spleen of 
a castrate rat of the same sex.^^ This hyper- 
trophy apparently occurs because the liver 
removes from the blood stream the sex hor- 
mone produced by the graft and in. so doing 
frees the pituitary from the usual inhibition 
which the gonads exert upon its secretion of 
gonadotropin. Heller and Jungck^ foimd hy- 
pertrophy of the spleen-grafted ovary to be 
prevented by subcutaneous administration of 
estradiol-benzoate. 

The fact that the chick is used in a success- 
ful method of androgen assays suggests this 
animaFs use for hepatic inactivation studies. 

ExperimentaL All chicks used in these 
experiments w'ere single-comb white leghorn 
cockerels which were allowed to eat standard 
feed ad libitum. Castration, carried out 
under ether anesthesia, was performed by 
means of an incision made in the posterior left 
intercostal space. When a testis graft was 
made into the spleen, castration was done as 
described and jeweler’s forceps were used 
to make the autotransplantation. Chicks for 
these transplants were selected at random and 

*^!Prom a thesis presented to the faculty of the 
Graduate School of Indiana University in partial 
fulfillment of the requirements for the degree of 
Master of Arts in Zoology, June, 1948. 

t T)ie help and guidance given by Dr. W. R, 
Brenemau during the course of tliis study is grate- 
fully acknowledged. 

t Biskind, M. S., and Biskind, G. R., Pnoc. Soc- 
Exp. Biol, and Med., 1944, 55, 176. 

- Biskind, M. S., and Biskind, G. R., Pkoc. Soc. 
Exp. Biol, and Med., 1945, 59, 4. 

3 Biskind, M. S., and Scheisnyak, M. C,, Dndoc- 
rinology^ 1942, 30, 819. 

4 Heller, C. G., and Jungck, E. C., Proc. Soc. 
Exp. Biol, and Med., 1947, 65, 152. 

SBreueman, W. R., Sfidocrinologp, 1941, 28, 
00*1 


(Introduced by R. T. Hill.) 

Indiana Universiiyy Bloomington, Ind. 

operated on at the age of 5 and 7 days 
(series I) and others at the age of 20 or 21 
days (series II). At the time of the first 
operation other chicks were designated as 
controls. 

Each chick was weighed and the comb 
height and length measured on every fifth 
day. A comb factor reading was obtained by 
multiplying the height and length in milli- 
meters and dividing by two ^ 

factor has been found to give a reliable indica- 
tion of the comb grow’th changes and thereby 
an estimation of the amount of sex hormone 
to which the comb has been exposed. To ad- 
j’ust for differences in body weight the total 
number of comb factor units (c.f.u.) of each 
was divided by the average body weight of 
that group, thus obtaining the average num- 
ber of c.f.u. per gram body weight for each 
series. 

Results and discussion. Histological study 
of the spleens showed that the grafts, although 
not greatly enlarged, had ‘^taken.” As men- 
tioned earlier the liver destroys the estrogen 
or androgen produced by a gonad placed in 
the spleen of the Data presented in 

Table I indicates that hormone produced by 
the spleen-grafted testis of the chick is also 
partially inactivated by the liver. The comb 
at all times indicates the amount of hormone 
which is allow^ed to pass into the general cir- 
culation and shows whether or not the inacti- 
vation is complete. Our work suggests use of 
the chick comb to have a marked advantage 
over use of the rat for this type of androgen 
assay; not only can as many measurements be 
taken as desired, but a sensitive quantitative 
response is given even to very small amounts 
of hormone. 

The relative amount and effectiveness of the 
androgen secreted by the controls, as shown 
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TABLE L. 

Alkaline Phosphatase of Serum of Rats Eed Sweet Pea and Edible While Pea Diets. 


Period on diet, 

‘ days’^ 



Phosphatase units (King-Armstrong) 



Diet 

Sweet pea 



White pea 

' " > 

Bat No. 1 

3 

5 

9 

11 

o 

4 

6 

10 

— ■ — ^ 
12 

0 

85 • 

89 

83 

67 

59 

142 

82 

101 

70 

62 

8-17 

76 

64 

112 

70 

76 

92 

90 

103 

68 

75 

29'33 

80 

67 

115 

70 

66 

80 

129 

136 

81 

109 

63 

94 

73 

54 

47 

99 

118 

145 

67 

46 

92 


* The period at wiiich samples of blood were collected varied somewhat ^vithin the ranges 
mdieated for different rats. Bats 1 and 2, 3 and 4, etc., were paired in the feeding experiments. 


changes in the bones^»’^ are less marked. 

Ten adult male rats (200 g) were fed the 
diet described previously" (50% of ground 
sweet pea seed) for periods of 10 weeks. An 
equal number of controls^ in paired feeding 
experiments, received the edible white pea of 
commerce (Pistmi sativum^ var, arvense). All 
animals which received the s^veet pea diet 
developed lameness, spinal curvature, and, in 
a few cases, marked paralysis during the 
experimental period. Blood was obtained by 
clipping the end of the tail after the anim^ 
had been placed in a warm chamber at 56 
for 5 min. After clotting, the serum was 
obtained by centrifugation; the centrifugate 
was decanted and the serum was centrifuged 
a second time. The upper portion of the 
second centrifugate was removed by a pipette 
and used for the phosphatase determination. 
Since the phosphatase content of white and 
red cells is much greater than that of the 
serum, it was necessary to remove all the 
cellular elements and to avoid hemolysis as 
much as possible. Alkaline phosphatase was 
determined by the method of King and Arm- 
strong.^ The results are reported as phos- 
phatase units per 100 ml of serum (/,e. mg of 
phenol liberated by the hydrolysis of disodium 


8 King, E. L., and Armstrong, A. B., Can, Med. 
Assji, J., 1934, SI, 376. 


monophenyl phosphate under standard condi- 
tions). 

Results obtained with 5 pairs of animals are 
shown in Table I. They are t>i)ical of the 
values obtained with all 10 pairs. Although 
there was considerable variation in the phos- 
phatase content both in the same rat over the 
experimental period and also in different ani- 
mals, there was no evidence of any increase as 
the clinical symptoms of lathyrism developed, 
nor was there any significant difference be- 
tween the values obtained with the control 
(white pea) and the experimental (sweet pea) 
groups. Certainly there was no indication of 
such a marked elevation of the alkaline phos- 
phatase as has been reported by Rudra and 
Bhattacharya^ in human lathyrism. 

Summary. No significant changes in the 
concentration of alkaline phosphatase of the 
serum were observed in rats in which experi- 
mental lathyrism was produced by feeding 
diets containing 50% of sweet pea {Lathyrus 
odoratns) seed. This does not confirm the 
observations of Rudra and Bhattacharya in 
which the phosphatase values were markedly 
increased in human lathyrism. 

Wd ynsh to express our indebtedness to the 
Ferrj Alorse Seed Company of Detroit for the 
sweet pea seed and to the ‘Washbuni- Wilson Seed 
Company of AToscow, Idaho, for the edible spHt 
pea seed. 
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Hepatic Inactivation of Testicular Androgen in the White Leghorn 

Cockerel.^t 

E. Cranston Bernstorf. (Introduced by R. T. Hill.) 

From the Vepariment of Zoology, Indiana University, Bloomington, Ind, 


Both the ovary and testis show a marked 
hypertrophy when grafted into the spleen of 
a castrate rat of the same sex.^"^ This hyper- 
trophy apparently occurs because the liver 
removes from the blood stream the sex hor- 
mone produced by the graft and in so doing 
frees the pituitary from the usual inhibition 
which the gonads exert upon its secretion of 
gonadotropin, Heller and Jungck^ found hy- 
pertrophy of the spleen-grafted ovary to be 
prevented by subcutaneous administration of 
estradiol-benzoate. 

The fact that the chick is used in a success- 
ful method of androgen assay^ suggests this 
animaFs use for hepatic inactivation studies. 

Experimental, All chicks used in these 
experiments were single-comb white leghorn 
cockerels which were allowed to eat standard 
feed ad libitum. Castration, carried out 
under ether anesthesia, was performed by 
means of an incision made in the posterior left 
intercostal space. When a testis graft was 
made into the spleen, castration was done as 
described and jeweler^s forceps were used 
to make the autotransplantation. Chicks for 
these transplants were selected at random and 

* From a thesis presented to the faculty of the 
Graduate School of Indiana University in partial 
fultiUment of the requirements for the degree of 
Master of Arts in Zoology, June, 194S. 

t The help and guidance given by Dr, W. B. 
Breneman during the course of this study is grate- 
fully acknowledged. 

1 Biskind, M. S., and Biski iid, G. R., Peoc. Soc. 
jExp. Biol, axd Med., 1944, 55, 176. 

2 Biskind, M, S., and Biskind, G. R., Proc. Soc. 
Exp. Biol, axd Med., 1945, 50, 4, 

3 Biskind, M, S., and Sehelsnyak, M. C., Bndoc- 
tUxologyy 1942, 30, 819. 

^ Heller, C. G., and Juugck, E, 0., Paoc. Soc. 
Exp. Biol, and Med., 1947, 05, 152. 

3 Breneman, IV. R., Endocrinology, 1941, 28, 
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operated on at the age of 5 and 7 days 
(series I) and others at the age of 20 or 21 
days (series II). At the time of the first 
operation other chicks were designated as 
controls. 

Each chick was weighed and the comb 
height and length measured on every fifth 
day. A comb factor reading was obtained by 
multiplying the height and length in milli- 
meters and dividing by two X B 

factor has been found to give a reliable indica- 
tion of the comb growth changes and thereby 
an estimation of the amount of sex hormone 
to which the comb has been exposed. To ad- 
just for differences in body weight the total 
number of comb factor units (c.f.u.) of each 
was divided by the average body weight of 
that group, thus obtaining the average num- 
ber of c.f.u. per gram body weight for each 
series. 

ResnUs and discussion- Histological study 
of the spleens showed that the grafts, although 
not greatly enlarged, had ‘‘taken.” As men- 
tioned earlier the liver destroys the estrogen 
or androgen produced by a gonad placed in 
the spleen of the rat.^"^ Data presented in 
Table I indicates that hormone produced by 
the spleen-grafted testis of the chick is also 
partially inactivated by the liver. The comb 
at all times indicates the amount of hormone 
which is allowed to pass into the general cir- 
culation and shows whether or not the inacti- 
vation is complete. Our work suggests use of 
the chick comb to have a marked advantage 
over use of the rat for this type of androgen 
assay; not only can as many measurements be 
taken as desired, but a sensitive quantitative 
response is given even to very small amounts 
of hormone. 

The relative amount and effectiveness of the 
androgen secreted by the controls, as shown 
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TABLE I. 

Effect of Iiitraspleiiic Testis Transplants ITpou Comb Orowth. 




Age 36 days 


Age 46 days 

r 

Control 

SI 

SII 

S89 

r 

Control 

-SI 

SII ' 

Avg body wt 

369.0 

' 354.0 

345.2 

275.9 

513.2 

' 503.4. 

486.0 ' 

Avg comb factor 








units 

371.6 

251.9 

^232.2 

111.4 

839.4 

506.3 

435.1 

Avg comb factor 








units per g wt 

0.995 

0.697^ 

0.671^ 

0.396* 

1.S87 

0.983* 

0.903* 

No, in group 

16 

15 

14 

12 

le 

15 

14 


* T value is significant at 1 %. (SnedeeoTj George W., Sfatistfcaf MeiliodSj The Iowa State 
Press, Ames, Iowa, 4 Mi ed., 

SI: chicks caponized at 5 or 7 days of age, 

SII: chicks caponized at 20 or 21 days of age. 

S 89 : chicks caponized at 5 days of age. 


by the number of comb factor units, and of 
that which passed through the liver of the 
spleen-graft chicks may be seen from Table I. 
Complete inactivation did not occur, as shown 
by comparison of series I and II ivith the 
chicks of series 89 (caponized controls), 
which were operated on at S days of age and 
otherwise given similar treatment. It is also 
seen that the number of c.f.u./g body weight 
in series I is larger than that in series II. This 
is explained by the fact that the transplants 
in series I had a longer time to grow and 
secrete than did those of series II grafted 2 
weeks later. This explanation is supported by 
the fact that the difference in number of c.f.u-/ 
g body weight for series I and II at 46 days 
(7,6%) is greater than that at 36 days 
(3-7%). The comparison at 36 days shows 
that enough hormone had passed the liver to 
augment comb growth by at least 40.9%. 

The fact that in other animals incomplete 


inactivation of endogenous hormone has not 
been reported under these conditions sug- 
gests either that inactivation is different in the 
chick or that the chick permits the detection of 
this minute quantity of hormone. The comb 
shows a progressive cumulative change which 
makes possible the measurement of a slight 
failure of inactivation occurring over an e.\'- 
tended period of time. Although at sacrifice 
some testicular material was found in the 
normal testis location in a few birds, the data 
indicate that its effect was insignificant. 

Summary. These data show that: (1) the 
testis hormone is partially removed from the 
circulation by the liver of the chick, and that 
(2) the comb gives a sensitive indication of 
the extent of hepatic inactivation of andro- 
gens. This may justify speculation that some 
androgenic activity may be retained by the 
products of hepatic metabolism. 
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Excretion of Adrenal Corticoids in the Sweat. 


John Nichols and A. T. Miller, Jr. 

Physiolog^/i Vniversity of Sortie CaroUiidt Chapel HilL 


From the Lahoratory of Applied 

In experiments on the urinary excretion of 
adrenal corticoids in strenuous exercise it was 
noted that, with the onset of hot weather, the 
excess steroid excretion in the urine was stnk- 
inely reduced. It occurred to us that this 
might be due to the e-Tcretion of steroids m 


the sweat and the following study was carried 
out. 

Two healthy adult subjects ran on a motor- 
driven treadmill at speeds of 8 to 12 miles 
per hour and a grade of lOfc for periods of 
30 to 43 minutes. The running was interrup- 
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ted every 2 or 3 minutes for a brief rest period. 
The room temperature ranged from 80 to 
and the relative humidity from 60 to 
90%. The total amount of sweat produced 
during an experiment varied from 550 to 700 
g as estimated from the loss in body weight. 
Sweat was collected by allowing it to drip 
from the elbows into large funnels which 
drained into graduated cylinders. Contamina- 
tion of the sweat by cellular debris was mini- 
mized by vigorous scrubbing of the arms be- 
fore the experiment. When 50 ml of sweat was 
collected it was filtered and analyzed for 
adrenal corticoids by the method of Heard et 
According to these authors, the method 
measures reducing steroids of the adrenal cor- 
tical hormone class, containing a primary or 
secondary (but not tertiary) a-ketol function, 
an a/3-unsaturated 3-ketone group, or both. 
The adrenal cortex is considered by them to be 
the major source of these steroids. 


TABLE I. 

Excretion of Adrenal Corticoids in the Sweat. 


Subject 

Adrennl corticoid concentration 
(7 per 100 ml) 

Exercise sweat 

Thermal sweat 

J.N. 

SO 

72 

J > 

76 

64 

J y 

76 

40 

y y 

SO 

52 

y y 

44 

60 

y y 

46 


yy 

40 


y y 

56 


yy 

40 


yy 

40 


W.P. 

48 


y y 

60 


yy 

64 


y 1 

46 


y y 

50 


Mean 

56.4 

57.6 


1 Heard, B. D. H., and Sohel, H., J. Biol, Chem,, 
1946, 105, 687. 

2 Heard, R. H. D., Sobel, H., and Venning, E. H., 
J. Biol. Chem., 1947, 105, 699. 


In another series of experiments, the con- 
centration of adrenal corticoids in thermally- 
induced sweat was determined; this sweating 
was induced by partial immersion of the body 
in a hydrotherapy whirlpool bath at 112 
S'T for 30 minutes. 

Results. The results are shown in Table 
I. It is apparent that relatively large amounts 
of adrenal corticoids are excreted in the sweat 
induced by exercise and thermal stimulation. 

Discussion. Increased urinary excretion of 
adrenal corticoids occurs during response of 
the body to many types of stress^^ and is 
believed to indicate increased activity of the 
adrenal cortex. Hoagland,^ using the method 
of Heard and Sobel for adrenal corticoids and 
a method specific for 17-ketosteroids, found a 
rise in the urinary output of both groups of 
substances after intramuscular injection of 
adrenal cortical extract. Since the rate of 
excretion of adrenal corticoids in sweat during 
exercise and thermal stimulation in our experi- 
ments exceeded the resting rate of renal ex- 
cretion It is a reasonable assumption that it 
indicates an activation of the adrenal cortex 
in response to the stresses of heat and strenu- 
ous exertion. Our results also emphasize the 
fact that in stresses associated with sweating, 
a significant fraction of the total corticoid 
excretion is accounted for in the sweat. 

Conclusion. There is a significant excre- j 
tion of adrenal corticoids in sweat induced I 
by exercise and thermal stimulation, * 

We are indebted to Dr. Prederiek F. Yoiikman 
of tbe Ciba Pharmaceutical Products, Inc., for the 
supply of desoxycorticosteroiie tised to establish 
the adrenal corticoid caUbratiou curve and to Mr. 
Walter E. Pupa for serving as a subject in some 
of the experiments. 

3 Hoagland, H., J. Aviation Med., 1947, 18, 450. 

4 Selye, H., J. Clin. Endocrinology, 1946, 6 , 117. 

sVenniug, E. H., and Kazmin, V., Endocrinol- 

ogy, 1946, 39, 131. 
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Influence of Histamine on Adenosine Triphosphatase. 

E. Albert Zeller.* (Introduced by C. F. Code.) 

From the Department of Fathologxj^ University of Basel, Basel, S\vit::erlaMh 


In all snake venoms hitherto investigated 
a powerful ATP-ase (ophio-ATP-ase) has 
been found, which is activated by magnesium, 
calcium and cobalt ions and inhibited by 
zinc ions.^»- Histamine and pyridoxamine act 
^ inhibitors, epinephrine as activator. 

The question arose as to whether similar 
reactions take place in the animal tissues and 
thus contribute to the understanding of the 
intimate action of histamine on many organs. 
Therefore homogenates of different organs 
were tried on their ability to split ATP. 
Similar conditions as with ophio-ATP-ase were 
used (Table I). 

Three ATP-ases are known to occur in 
animal tissues. The ATP-ases from electric 
tissues of fish^ and from mammal muscle^ are 
activated by magnesium and inhibited by 
calcium, while the ATP-ase that is inseparable 
from myosine is influenced by these ions in 
the opposite way." 

In the lung, gastric mucosa, adrenal and 
kidney of guinea pigs, and in the cortex and 
medulla of adrenals of cattle- an* ATP-ase is 
present which is activated by magnesium, 
calcium and cobalt ions. The activation by 


magnesium is the highest and sometimes 
reaches values which are 10 times higher than 
the original ones. 0.00001 -molar magnesium 
chloride still caused a rise in ATP-ase activity. 
By these reactions this ATP-ase differs from 
the above-mentioned 3 ATP-ases of animal 
tissu^, but resembles the ophio-ATP-ase. The 
identity is not complete, since zinc ions ac- 
celerate the reaction velocity of the nesv ATP- 
ase. 

The reaction does not stop completely after 
the liberation of one molecule of phosphoric 
acid, but the reaction velocity drops after 
reaching this point. These and other results 
lead to the assumption that the second mole- 
cule of phosphoric acid is split off by other 
enzymes. This question needs further eluci- 
dation. 

The new ATP-ase is affected by histamine 
and epinephrine in a similar way as is ophio- 
ATP-ase. The highest degree of inhibition 
is usually reached in the presence of a mag- 
nesium concentration that is below the opti- 
mum. Under certain conditions calcium 
exactly counterbalances the influence of hista- 
mine (Table I.) 


TABLE I. 


ATP-ase of tlie Adrenals of the Guinea Pig. 

ATP, 0,0 01 5 -molar; glycine buffer, pH S.3; homogenate corresponding to 1 nig of tissue; 
volume, 1 ml; incubation period, 15 min. 



, Without in- 
organic ions, 
Qp* 

With O.OOl-molar 
magnesium, 

Qp 

With 0.001 -molar 
calcium, 

Qp 

Without amines 

10.4 

60.0 

25.2 

.OOl-molar histamine 

3.6 

39-6 

11.2 

.001-molar epinephrine 

20.0 

73.0 

34.8 


* Qp~^g of inorganic phosphorus per mg of fresli tissue per hr. 


* At present research associate, ^Mayo Clinic, i Kielley, W. W., and ^feyerljof, Otto, J, BioU 
Kochester, Minn. Chem., 1948, 174, 387. 

1 Eeller, E. A., Fxpericxitia, 1948, 4, 194. SEngelhardt, V. A., Adenosinetripliosphatase 

2 Zeller, E. A., Physiology of Snake Venom Properties of Myosin. In: Advances in Enzymol' 
Adenosine Triphosphatase. Unpublisked data. ogy. York, Ijitcrscience Publishers. Inc., 

SGreville, G. B., and Lehmann, Xaturc, 1943, 1946, vol. 6, pp. 147-191, 

153 , 81 . 



Failure to Produce Lesions 


451 * 


Pyridoxamine acts like histamine, while ali- 
phatic diamines activate rather than inactivate 
the tissue-ATP-ase and ophio-ATP-ase. 

By these results histamine and ATP, which 


have been connected with the mechanism of 
shock production, are brought in a close rela- 
tionship. 
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Failure to Produce Lesions or Auto-Antibodics in Rabbits by Injecting 
Tissue Extracts, Streptococci and Adjuvants.^ 


John L. Peck^ and Lewis Thomas. 

Ftovx the Department of ’Pediaiiics of the Johns Dopkins VniversUy School of Medicine j and 
the Sarriet JLanc Some for l 7 ivalid CJiildrcu, Johfis Sopkins Hospital j Jjalthuore, Jld-^ 


Schwentker and Comploier^ demonstrated 
the formation of complement fixing antibodies 
for homologous kidney tissue in rabbits which 
had been inoculated with a mixture of kidney 
tissue extract and staphylococcal or strepto- 
coccal toxin. Cavelti and Cavelti- subse- 
quently reported that an antibody for kidney 
tissue could be demonstrated by the collodion 
particle-agglutination technic in rabbits and 
rats which were inoculated with a mixture of 
homologous tissue and Group A streptococci. 
The latter workers also reported that rats 
immunized in this fashion developed acute and 
chronic glomerulonephritis. Recently, Ca- 
velti^ described the development of antibody 
for homologous heart tissue in rats injected 
with heart extracts and streptococci, and also 
demonstrated the appearance of inflammatory 
myocardial lesions in these animals. 

Rabat, Wolf and Bezer^ and ^lorgan^ have 
recently confirmed the earlier observation of 

* This work was supported by a grant from the 
Life Insurance Mcdic-al Research Fund- 

t Senior Pediatric Fellow of the National Re- 
search Council. 

1 Scluveutker, F. F,, and Comploicr, F. C., 
J, Exp, Med,, 1939, 70, 223. 

2 Cavelti, P. A,, and Cavelti, E, S., Jrch. Fath,, 
,1945, 40, 158. 

; 3 Cavelti, P. A., Arch, Path,, 1947, 44, 1. 

y. ^ Rabat, E. A., Wolf, A., and Bezer, A. E., 
\r, Exp, Med., 1947, 85, 117. 

5 Morgan, I. M., J. Exp, Med,, 1947, 85, 131. 

^ Rivers, T. M,, and Schwentker, F. F., J, Exp, 
Med,, 1935, 01, 6S9. 


Rivers and Sehwentkei:^ that the immuniza- 
tion of monkeys ivith extracts of homologous 
brain tissue leads to the formation of demy- 
elinating lesions of the central nervous system 
which resemble those seen in multiple sclerosis. 
These lesions were brought about in greatly 
accelerated fashion by the use of the adjuvants 
described by Freund,^ consisting of ^Talba’^ 
or “Aquaphor”, paraffin oil, and killed tu- 
bercle bacilli. 

In the present study^ the effect of inoculat- 
ing rabbits with homologous heart and kidney 
tissue in combination with streptococci and 
Freund’s adjuvants was studied. 

Material and 7nethods. Rabbits, Hybrid 
brown and grey male rabbits, weighing be- 
tween 1.8 to 2.3 kg each, were used in all 
experiments. 

Tissue Suspensions, Heart and kidney tis- 
sue were otained from normal rabbits. The 
organs were thoroughly perfused with physio- 
logical saline under sterile conditions before 
removal, and were either used immediately or 
stored whole in a COo ice box. Antigens were 
prepared by grinding portions of each organ 
with abrasive, suspending in sufficient physio- 
logical .saline to make a 10% suspension, and 
partially clearing by centrifugation for 5 
minutes at 1500 R.P.M. Bacteriological 
cultures were made from samples of each sus- 
pension to ascertain sterility. 

Streptococci. Several strains of beta hemo- 

7 Freund, J,, and :Mi;Permott, K., Proc, Soc. 
Exe. Biol, and Med., 1942, 49, 548. 
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lytic streptococci were employed: a group C trifugation at 2000 R.P.M. for 10 minutes. 
Strain (H46A) obtained through the courtesy In some experiments, modified antigens were 
of Dr. O. D. Ratnoff, and 3 Group A strains prepared by subjecting the tissue suspensions 
(type 19) recovered from the throat cultures to a) centrifugation at 12,000 R.P.M. for 30 
of patients with acute tonsilitis (one of whom minutes, b) heating at various temperatures 
also had rheumatic fever). Eighteen-hour between 45 °C and SO’^C, and c) exposure to 
cultures of these organisms were grown in various pH levels between 4.5 and 9.5. The 
trypticase-soy broth, after which the strepto- standard complement fix’ation test was em- 
cocci were killed by heating at 56 °C for 45 played, using 0.2 cc of complement (two 
minutes. units), 0.2 cc of the antigen, 0.2 cc of the 

Adjjwapifs. Heat-killed, dried tubercle serum under test, and, after a period of two 
bacilli, obtained through the courtesy of Dr, hours at 37 °C, 0.6 cc of sensitized sheep cells 
Jules Freund, were suspended in paraffin oil consisting of 0.2 cc of rabbit amboceptor 
to a concentration of 0.4 mg per cc. Three units) and 0,4 cc of 2% cells. Fixation of 

parts of this suspension were transferred slow- complement was interpreted as occurring in 
ly, with constant stirring, to 2 parts of melted those tubes which showed no hemolysis after 
^Talba”. The resultant miKture was im- 30 minutes in a 3 water-bath, 
mediately combined with other reagents as in- Collodion Particle Agglutination Test. Col- 
dicated below. lodion particles were suspended in normal 


Preporatioyi of Antigen Mixtures, Equal 
volumes of tissue suspension and streptococ- 
cus culture were mixed together, and 2 
volumes of this mixture were added, drop by 
drop, to 5 parts of the adjuvant, with con- 
stant stirring. In control experiments, sterile 
broth replaced the streptococcus culture. 
Microscopic examination of each final sus- 
pension was made in order to ascertain that 
uniform globules of small size had been 
obtained. 


rabbit heart and kidney extracts by the 
method described by Cavelti.^ The agglutin- 
ation of particles in varying dilutions of 
serum was tested by the method m the same 
author. I 


Results, Approximately 350 "rabbits have 


been subjected to immunization with homo- 
logous tissue suspensions in combination with 
streptococci and Freund^s adjuvants. Group 
C beta hemolytic streptococci were employed 
in the antigens used for one third of this 


Inoculation of Afzimals, Each rabbit was 
given 4 injections of 1 cc each, in separate 
subcutaneous areas. The injections were re- 
peated at weekly intervals for a total of 3 
weeks. 

Each rabbit was bled from the ear before 
the first injection, and at 2-week intervals^ 
following the final injection, and the serum/ 
was stored in the frozen state. Sample ani-[ 
mals were sacrificed in each experiment atj 
2, 4, 6, 8, and 10 weeks following the final in-} 
jection of antigen, and portions of heart, 
kidney and other organs were placed in 10% 
formalin for subsequent histological examina- 
tion. 

Complement Fixation Tests, Tissue anti- 
gens for the complement fixation test consisted 
of 5 or 10% suspensions of heart or kidney 
tissue in physiological saline, which were made 
up on the day of testing and clarified by cen- 


group, and Group A streptococci in the re- 
mainder. In addition, a smaller number of 
control animals were injected with tissue sus- 
pensions alone, or with the suspensions plus 
adjuvants. 

/ Antibody Determinations, As has been 
/ shown by Kidd and Friedewald,® normal rab- 
^ bit serum contains a substance which causes 
* fixation of complement with tissue suspensions 
from various rabbit organs. This “antibody*^ 

, which is readily inactivated by heating at 
i 65 °C for 30 minutes, was encountered in most 
! of the sera employed in this study, in titers 
. of 1 : 16 or 1 : 32. In no instance, however, was 
i a significant rise in complement fi.xatlon titer 
, encountered between the pre-inoculation sera 
'and the sera obtained at any period following 

^ Cavolti, P , A., J . Immtifwh , 1944, -ID, 305. 

9 Kidd, J, G., .‘ind Priedeuald, W. K, J, ICxp, 
2ted,, 1942, 70, 543. 
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inoculation, with any oi the antigens employ- 
ed. Heating the sera at 65°C resulted in the 
disappearance of complement-fixing antibody 
from all sera tested. Treatment of the tissue 
antigens by high-speed centrifugation, heat- 
ing, or exposure to different pH levels did 
not result in any positive complement fixa- 
tion reactions. 

The collodion particle technic yielded re- 
sults which were uniformly negative in all 
experiments. No evidence of an antibody for 
heart or kidney tissue was demonstrable in the 
sera of rabbits following immunization with 
any of the materials employed. 

Pathological Studies. No significant car- 
diac or renal lesions were demonstrable in any 
of the rabbits which were injected with tissue 
suspensions, adjuvants and Group C strepto- 
cocci. The results obtained with Group A 
streptococci were also negative, with the ex- 
ception of a single experiment involving 
twenty-one rabbits. In this experiment, 3 
animals received kidney tissue suspension in 
combination with Group A streptococci and 
Freund’s adjuvants, 3 received the tissue sus- 
pension with streptococci but without adju- 
vants, 3 received the tissue suspension with 
the adjuvants but without streptococci, and 
3 received the adjuvants and streptococci 
without tissue suspension; a similar group of 
rabbits were given a suspension of heart tissue 
in the same combinations. The animals were 
sacrificed at the end of the sixth week after 
inoculation. All of the rabbits which re- 
ceived either heart or kidney tissue in com- 
bination with streptococci and adjuvants 
showed extensive areas of acute inflammatory 
reaction and muscle fiber destruction involv- 
ing the right ventricle. These lesions did not 
resemble the characteristic lesion of rheu- 
matic myocarditis. Similar but less extensive 
lesions were seen in 2 of the rabbits which 
were given the mixture of kidney suspension 
and streptococci without adjuvants, and in 2 
of the rabbits which received heart suspension 
and streptococci without adjuvants. No 
lesions occurred in the hearts of the rabbits 
receiving tissue suspensions with adjuvants 
alone, or in the group receiving streptococci 
and adjuvants without tissue suspensions. No 


significant kidney lesions were seen in any of 
the e.xperiniental animals. 

Many attempts were made to repeat these 
observations, emplo3dng the same strain of 
streptococcus and, so far as possible, the same 
materials and experimental conditions. All 
of these attempts were unsuccessful. No myo- 
cardial lesions ivhich were in any way similar 
to those observed in the 10 rabbits referred to 
above were encountered again. Occasional 
small areas of infiltration by round ceils were 
encountered between muscle fibers, but these 
seen with equal frequency in the heart tissue 
of normal untreated rabbits. 

No explanation can be given for the myo- 
cardial inflammatory lesions in the single 
experiment described above. Although bac- 
teriological cultures of the heart tissue and 
blood of these animals were negative, and the 
injection of serum from these rabbits into 
normal animals failed to produce any evidence 
of disease, it is considered possible that the 
myocardial lesions may have been due to an 
irrelevant infection of these animals by an 
unknown virus or bacterium. In view of the 
repeatedly negative results which were ob- 
tained when the experiment was duplicated, 
the significance of the myocardial lesions is 
doubtful. 

Summary. The inoculation of rabbits with 
suspensions of homologous kidney or heart 
tissue, in combination with heat-killed cul- 


tures of Group A and Group C beta hemo- 
lytic streptococci and Freund’s adjuvants, did 
not bring about the formation of detectable 
antibodies for homologous tissue. 


i^^aoDits inoculated m this manner did not 
develop myocardial or renal lesions sugges- 
tive of rheumatic myocarditis or glomeru?one- 
phritis. ^In e.xperiments involving approxi- 
mately 350 rabbits, the only significant patho- 
logical finding consisted of acute inflammatory 
lesions in the myocardium of the right ven- 
tricle which occurred in ten animals. The 
latter animals had received injections of homo- 
logous heart and kidney tissue in combination 
with Group A streptococci and the adjuvants 
The I^ions did not resemble rheumatic myo- 
carditis. ^ Repeated attempts to confirm this 
observation, under similar conditions, yielded 
uniformly negative results 
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Effect of Oxythiamine on Infection of Mice with the Lansing Strain of 
‘ Poliomyelitis Virus,"^ 

James Hazlitt Jones, Claire Foster, and Werner Henle. 

From The Childre7i^s Hospital of Fhiladelphia and the Department of Biochemistry, School of 
Veterinary Uedieine and the Department of Pediatrics, School of Medicine, Unhersiiy of 

Penneylva7iia, Philadelphia, Pa, 


It was reported from this laboratory^ that 
a dietary deficiency of thiamine increased the 
resistance of albino mice to the Lansing strain 
of poliomyelitis virus. A few months later 
Rasmussen, et air reported similar observa- 
tions. Using Theiler^s virus. Lichstein and 
associates in the same laboratory^ found that 
deficiencies of some other dietary constit- 
uents afforded a similar degree of protection 
to mice. 

However, none of the several other dietary 
deficiencies studied at The Children's Hospi- 
tal of Philadelphia showed a degree of pro- 
tection against the Lansing strain, which is 
considered a true poliomyelitis virus, equal- 
ling that of a deficiency of thiamine, although 
these included some of those reported by 
Lichstein as giving protection against Theiler's 
virus. 

Because of the superior effect of a de- 
ficiency of thiamine in mice inoculated with 
the Lansing strain, a study of the influence of 
inhibitory analogues of thiamine on the re- 
sistance of mice to this virus was indicated. 

The first thiamine analogue thoroughly 

* Aided by a grant from the National Founda- 
tion for Infantile Faraiysis. 

1 Foster, C., Jones, J. H., Henie, W., and Borf- 
man, F., Pnoo. Soc. Exp. Biol, and ^Ied,, 1942, 
51, 215. 

2 Pasmussen, A. F., Jr., Waisman, H. A., EP 
vehjem, C. A., and Clark, P. F., J. Pact., 1943, 
45, 85. 

3 Lichstein, EC. C*, ilcCall, B*j E^earney, 

E. B., Elvehjem, C. A., and Clark, P. F., Proc. 
Soc. Exp. Biol, and Med., 1916, 62, 279. 

t We gratefully aeknoivledge the ad rice and co- 
operation of Dr. Gustav J. Martin of the National 
Drug Company of Philadelphia, Pa., who supplied 
the oxythiamine and provided the data on its 
structure, purity and microbiological assay. 


studied in this laboratory was oxythiamine.t 
It is produced by replacing the group 
on the pyrimidine ring of thiamine by an OH 
group. Some of the physiological properties 
of this analogue have been studied by Soo- 
dak and Cerecedo.^ They found that mice 
receiving 1 mg of thiamine per day and given 
25, SO or 100 mg of o.xy thiamine daily, lost 
weight rapidly and died in about 2 weeks. 
They also showed that the enzyme of carp 
which destroys thiamine was inhibited by 
oxythiamine, but they did not determine the 
minimum amount of thiamine which would 
just off-set a given quantity of oxythiamine. 

Several experiments were performed in the 
authors' laboratory studying the effect of this 
inhibitor of thiamine upon the resistance of 
mice to the virus of poliomyelitis. All of these 
gave the same general results. It is sufficient, 
therefore, to present in this paper the data 
obtained in the largest and most complete 
of the experiments. 

Experhnenial. Vitus. The virus and the 
technics employed were described in an earlier 
paper.'" A recent test in this laboratory showed 
that the virus was still infectious for rhesus 
monkeys. 

Animals. The Swiss white mice used in 
these studies came from the same colony that 
has been maintained in this laboratory for 
14 years, and has produced mice for all of 
the resistance experiments conducted here. 

The usual precautions described elsewhere® 
and essential for this type of experiment were 

^ Soodak, M., and Cerecedo, L. B., J. Am. Chein, 
Soc., 1944, 66, 1988. 

5 Foster, C., Joces, J. H., Henle, W., and Dorf- 
man, F., J. Bxp. Med., 1944, 79, 221, 

^Foster, C., Jones, J. H., Henle, W., and Borf- 
man, F., J. Exp. Med., 1944, SO, 257. 
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taken. These included split Utter technic for 
distribution, temperature and humidity con- 
trol of the experimental rooms, and even a 
random distribution of the animals in the 
room to avoid the effect of any environmental 
differences. The mice were weighed daily, 
and following inoculation, each animal was 
removed from its cage for examination every 
6 hours, day and night. 

Diet. The basal complete diet had the 
following composition expressed in %; Casein, 
crude 25.0, cellulose, 2.0, salt mixture," 4.0, 
linseed oil, 1,5, wheat germ oil, l.O, glucose 
(cerelose) 66.5, carotene concentrate in oil, 

5 drops, (Wyeth - 275 U.S.P. units pro-vita- 
min A per drop) Drisdol, 0.4 drop (Winthrop- 
250 U.S.P. units vitamin per drop). The 
B vitamins were supplied in the following 
quantities (mg per 100 g of diet.) ; Thiamine 
chloride 0.2, riboflavin 0.5, pyrido.xine 0.5, 
calcium pantothenate 5.0, nicotinic acid 10.0, 
inositol lO.O, /^-aminobenzoic acid 10.0, cho- 
line chloride 100. 

This diet was given to the complete-diet 
control groups and to all of the oxythiamine 
groups. It was modified in the two low- 
thiamine groups only in so far as the thiamine 
content was concerned. Before the experi- 
mental regimens were initiated, all the animals 
were put on the complete diet for 2 days 
after they had been distributed into their indi- 
vidual exqierimental jars, in order to accustom 
them to the purified diet. 

Inhibition Index.* Preparatory to the ex- 
periment, the inhibition index of oxythiamine 
was evaluated at 3 levels of thiamine: 3, 6, 
and 12 /ig per mouse per day. In these titra- 
tions, both the thiamine and the oxythiamine 
were administered by mouth from a pipette. 
The inhibition index for the sample of oxy- 

' Jones, J. n., and Foster, C,, J. Xutr., 1942, 
24, 245. 

X The inhibition index is defined as the quotient 
of the molecular amount of analogue divided by 
that molecuhir amount of metabolite ndiich just 
counteracts the analogue. Por example, if the 
inhibitory action of 1.0 millimole of analogue were 
just offset by 0.001 inilUmole of metabolife/then 
the index would be 1.0/0.001 or 1000 (see D. W", 
IVoollcy, in EuzumoJo^y, 194G, 0, 129.) 


thiamine used in the experiment reported here 
was found to be about 3 at all 3 levels of 
thiamine. Using Lactobacillus jennentuni, 
the index m Dr. Martin’s Laboratory was 
found to be 10, which is of the same general 
order as that obtained with the mice. 

In the actual experiment this inhibition 
index w^as used as a guide, although the con- 
ditions w^ere not quite comparable since the 
thiamine "was given as an integral part of the 
diet, while the o.xy thiamine, on the other hand, 
was dissolved in saline and administered by 
pipette as above. In order to calculate, on 
the basis of the inhibition index, the amount 
of oxythiamine necessary to establish and 
maintain a given state of deficiency, the fol- 
lowing assumptions had to be made. If the 
food intake for a normal mouse is 3 g per 
day, then each animal would receive 6 fig 
of thiamine. As the deficiency state advances 
under the influence of oxythiamine, the ac- 
companying anorexia leads to a lower intake 
of diet and correspondingly a lower intake of 
thiamine. The oxythiamine dosage then has 
to be decreased by an estimated amount. It 
is worth commenting that with the pure 
samples of the analogue, severe signs of de- 
ficiency can be quickly terminated by reduc- 
ing the oxythiamine dosage or by adding a 
suitable amount of thiamine. 

Experimental Groups. The experimental 
animals were divided into 12 groups as pre- 
sented in Table I. The mice of 6 of the groups 
were inoculated with a suspension of mouse 
brain infected with the Lansing strain of polio- 
myelitis virus (V), and for each of these there 
was a control group, the animals of which 
were injected with a suspension of uninfected 
("normaF’) mouse brain (N). 

The first pair of groups (1-V and 1-N) were 
fed the complete basal diet; the next 4 pairs 
of groups {2-V and 2-N, 3-V and 3-N, 4-V 
and 4-N, 5-V and 5-N) received the same 
complete basal diet and in addition were given 
oxythiamine; the last pair of groups (6-V and 
6-N) were maintained on a low- thiamine diet, 
in which the intake olihiamine was varied 
between 20 and 60 pig per 100 g of diet. The 
amount of thiamine was regulated in an ef- 
fort to maintain a level of deficiency that 



456 


OXVTHIAMINE ON INFECTION OF MlCE 


TABLE L 


Group 

No. 

JSto. at 
mice 

Tluamhie, 
mg per 100 
g diet 

Oxjtliiamine 

Time of beginziing 
oxythinmiuein 
respect to day of 
inoculation 

No. of mice in 
N'graaps dying 
during e.vperinieut 

hV^ 

50 

o 

.w 

— 

None 

-w.. 

l-Ni 

(> 

2 

— 

> j 

0 

e-v 

57 

2 

4- 

9 da^’S before 

■ — 

2'N 

21 

0 

-f 

9 M 

2 

3-V 

57 

O 


Off ff 

’ — 

3N 

21 

2 

-f 

O t } J J 

1 

4-V 

00 

2 

4- 

day of inoculation 

— 

4-N 

21 

2 

4- 

yy yy 

1 

o-V 

GO 

0 

4*' 

4 days after 

— - 

5-N 

22 

O 

4“ 

4 j# >? 

1 

6-V 

58 

.OstoG 

. — 

None 

— 

0^N 

21 

.Q2-M6 

— 

yy 

0 


* Groups ivitli in number received vi^us>^«fee^ed brain. 

I ji M M j> rmmfected brain. 


would keep the average weight more or less 


constant. 

The 4 pairs o! groups that received the 
ojcythiamine differed among themselves in re- 
spect to the day the administration of the 
analogue was begun. An attempt was made 
with the first pair of these groups (Group 2-V 
and 2-N) to produce the deficiency gradually, 
and to time it so that the animals would be 
in the same state of deficiency on the day of 
inoculation as the mice on the diet low in 
thiamine. To that end 32 fig of oxythiamine, 
or about twice the amount that would be 


counteracted by the thiamine in the diet, were 
given per animal per day, starting 9 days be- 
fore inoculation. As that was insufficient to 
produce a deficiency state in the desired time, 
the oxythiamine was increased to 64 ^g 3 
days later, but after 5 days on this amount it 
was necessary to reduce it to 8 fig and then 
to 4 Mg in order to stop the rapid loss of 
weight of the animals. After 2 days on 4 
ug and 2 additional days on 8 fig, their 
weights could then be held about stationary 
on 16 fig per mouse per day. 

Groups 3-V, 4-V, and 5-V and their controls 
given oxythiamine starting respectively 
2 days before inoculation, on the day of 
inoculation, and 4 days after inoculation. In 
each of these cases, the dose of o-xythiamine 
was 128 MS per 

days. This large dose produced an almost 
immediate fall in weight. From the third 
day on the dose was gradually reduced, and m 


each case finally levelled off at 16 pg per 
day. 

The experimental animals were observed 
until the 28th day after inoculation %vhen the 
experiment was terminated. 

Results. Table I shows that there were 
very few deaths among the groups of mice 
receiving the ^^normaF^ brain. This indicates 
that the '^deficiencies” were not responsible 
for many deaths in the groups inoculated with 
virus. This assumption is substantiated by the 
fact that paralysis or some other sign of polio- 
myelitis was seen in nearly all animals of the 
infected groups that died. The following dis- 
cussion of data is concerned, therefore, only 
with the animals that were given virus. 

The results are presented in Chart L The 
curves show the daily cumulative deaths in per 
cent as ordinates plotted against days after 
inoculation, as abscissae. It can be seen that, 
accept for a few days at the beginning of the 
experiment and again at the end, the curve 
for the animals on the complete diet was above 
that for any of the "deficient” groups. The 
curves for Groups 2-V, 3-V and 4-V are very 
much alike. In these groups, the maximum 
difference in percentage deaths between Group 
I-V and each of the "deficient” groups came 
at about the 14th day after inoculation. At 
this point deaths in the yehcienr groups 
were roughly 50^ of those in the group on the 
complete diet. The death rate in Group S-V 
(animals given initial dose of oxythiamine 4 
days after inoculation) was nearly equal to 
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COMPARISON OF COMPLETE DIET WITH LOW THlAMiNE OiET 
AND WITH OXYTHIAMiNE-lNDUCEO THIAMINE DEFICIENCY 



DWS AFTER INOCULATION 
Chart I. 


that of Group 1-V for the first 12 days. From 
then until the end of the experiment the death 
rate in Group 5-V was considerably decreased, 
so that even when the experiment was termi- 
nated, the percentage deaths was below those 
of the controls (63 to 74), 

None of the groups of mice receiving the 
oxythiamine were protected to the extent of 
the animals on the low-thiamine diet. The 
cumulative percentages of deaths of each vir- 
us-inoculated test group were compared by 
the Chi-square method with the corresponding 
values for the animals of the virus-inoculated 
control group for each day of the experiment. 
The days after inoculation (inclusive) on 
which the differences were significant are as 
follows: Group 2-V, 10 to 15; Group 3-V, 12 
to 18; Group 4-V, 6 to 17; Group 5-V, 17 to 
20; and Group 6-V, 10 to 23. 

Dbcu^ston. It seems to be possible to in- 
duce in mice a state of comparative resistance 
to poliomyelitis by means of an agent that 
can be given by mouth, the dose of which can 
be regulated within certain fairly narrow 
limits, and the deficiency signs quickly obliter- 


ated by suitable dos^ of thiamine. The pro- 
tection resulting from oxythiamine treatment 
appeared to be of the same general order as 
that resulting from a diet deficient in thiamine, 
and presumably was associated with the pres- 
ence of this induced deficiency. As in other 
deficiency studies, the protective action mani- 
fested itself mainly by a slowing of the death 
rate — a delaying rather than an outright pro- 
tective action. However, as the animals of 
group S-V were given some protection to the 
end of the experiment, it suggests that if the 
proper conditions could be found, it is possible 
that the degree of protection might be in- 
creased. It is of particular interest that in this 
same group (5-V), protection w^as afforded 
even though oxythiamine was not adminis- 
tered until 4 days after inoculation with the 
virus. 

The difference between the greater protec- 
tive ei^ect of thiamine deficiency resulting 
from a low-thiamine diet, in contrast to the 
lesser protection afforded by the thiamine de- 
ficiency induced by oxythiamine, is not entire- 
ly explicable. One of the factors may have 
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been the difference in the weight of the mice 
in the two groups. The animals of o.xythia- 
mine groups were not given the analogue until 
a varying number of days after the low-thia- 
mine group had been started on the diet de- 
ficient in the vitamin. During this interval, 
the mice which later received oxy thiamine 
were growing at a normal rate, while the vita- 
min-deficient animals were growing subnorm- 
aily. The growth-rate differential resulted in 
a difference of about 3 g between the thia- 
mine-deficient and the oxy thiamine-fed 
animals at the time of inoculation, which may 


indicate a difference in the degree of defKiency 
not otherwise recognizable. 

Summary^ Mice from a genetically con- 
trolled colony and under controlled environ- 
mental conditions were used to examine the 
effect of oxy thiamine, an inhibitory analogue 
of thiamine, on resistance against the Lansing 
strain of poliomyelitis. 

A significant degree of protection was in- 
duced in all the groups on the oxy thiamine as 
compared with those on the normal diet. This 
protection was not quite as marked as in the 
mice on the low-thiamine diet. 
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Comparison of Penicillin G and A Biosynthetic Penicillin with Regard to 
Diffusion into Cerebrospinal Fluid. 

William P. Boger and William W. Wilson. (Introduced by L. E, Arnow.) 
From Thilailelphia General Hospital j Philadelphia ^ Pa, 


Under natural conditions Penlcilliim nota- 
tum or Penicilliiim chrysogenum produces a 
mixture of penicillins G, F, dihydro-F, K and 
X. The predominant form of the penicillin 
elaborated can be influenced by the addition 
of precursors to the nutritive media. Similar- 
ly, the addition of precursors that do not oc- 
cur in nature has resulted in the formation of 
penicillins that do not occur naturally. Such 
penicillins are formed by reason of the ability 
of the mold to utilize these precursors and in- 
corporate portions of them into the penicillin 
molecule.^ Penicillins produced by the addi- 
tion of precursors not occurring in nature may 
be referred to as biosynthetic penicillins. BT 
penicillin* is such a biosynthetic penicillin 
and will predominate if the precursor used is 
one containing the n-butylthiomethyl group- 
ing in available form. 

The widespread use of crystalline penicillin 
G (benzyl p>enicilJin) has established the fact 

1 Biosynthesis of PeiucUUiis, Scicneef 194/, lOU, 
503. 

* ji-butyJtIuometJiyl penieimn supplieU through 
the courtesy of Dr. N. P. Sullivan of Eli Lilly 
Sc Co, 


that many patients show the usual phenomena 
of drug sensitivity. In addition to the pos- 
sible advantage of having a penicillin in which 
a substitution had been made for the benzyl 
group, it was thought that perhaps such a 
penicillin would have distinctive properties 
not possessed by benzyl penicillin. Preliminary 
observations made in animals suggested that 
BT penicillin might diffuse into the cerebro- 
spinal fluid more readily than benzyl peni- 
cillin." The investigation here reported was 
carried out to test this hypothesis. 

Materials used. The ^vater-soluble potas- 
sium salt of BT penicillin with a potency of 
2900 units per mg was employed throughout. 
The material contained a small amount of 
penicillin G as a contaminant, for the media 
upon which the mold was grown during the 
preparation of this material contained natural- 
ly occurring precursors which permitted the 
formation of penicUUn G. The sodium salt of 
crystalline penicillin G was used for compari- 
son with the BT penicillin. 

Patients studied. Eleven patients with cen- 
tral nervous system syphilis were investigated. 


Sullivan, N. P., {jersonal coninmniciition. 
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Plasma Concentrations 


Patient 

Age.y 

BC 

57 


35 

RR 

35 

JS 

43 

JO 

52 

McL 

38 

IJ 

35 

JM 

44 

HZ 

63 

MK 

41 

WW 

61 


TxVBLE I. 

of Penicillin After Initial Intravenous Injection of 500,000 Umts. 


Penicillin G** 


PemcilUnBTt 


Color 


Min. after injection Min. after injection 

Sex 5 120 0 30 120 


B 

P 

63.49 1 

.992 

W 

P 

46.08 

.720 

B 

M 

67,58 

.248 

B 

:m 

70.92 

1.08 

W 

M 

46.08 

.744 

W 

M 

31.74 

.496 

B 

M 

34.56 


W 

M 

23.81 

,996 

W 

M 

63.49 

1.98 

W 

P 

31.74 

1.49 

W 

M 

63.49 

1.49 

Avg 


49.36 

1.02 


34.56 

4.32 

.270 

23.04 

2.16 

.180 

3L56 

5.74 

.270 

23.04 

2.88 

.180 

34.56 

2.16 

.360 

17.18 

2.16 

.ISO 

17,1S 

2.16 

.180 

34.56 

2.88 

,360 

39.94 

3.74 

.360 

34,56 

6.66 

.270 

64.51 

13.31 

1.66 

32.51 

4.37 

.388 


* Sodium penicillin G in aqueous solution, 
i n-butyltliiomethyl penicillin in aqueous solution. 
X Oxford units of penicillin per cc of plasma, 

$ Specimen broken. 


There was no impairment of general health 
and no evidence of inflammation of the men- 
inges. 

Method oj study. Each patient was ob- 
served during both periods of the study and 
each served as his own control. Following a 
single intravenous injection of 500,000 units 
of crystalline penicillin G (injection time 5-15 
seconds), blood specimens were obtained at 
5 and 120 minutes and a specimen of cere- 
brospinal fluid was obtained from the lumbar 
subarachnoid space at 120 minutes. These 
specimens were submitted for penicillin assay 
by a modification of the Rammelkamp serial 
dilution method. After an interval of no less 
than 3 days and no more than 7 days the 
patient received a single intravenous injection 
of 500,000 units of BT penicillin and there- 
after blood specimens were obtained at 5, 30 
and 120 minutes and a cerebrospinal fluid 
specimen was obtained at the end of 120 
minutes. These specimens were likewise as- 
sayed for their penicillin content. 

Results. The results are presented in 
Tables I and II. In Table I it may be 
observed that the average penicillin plasma 
concentrations resulting from the intravenous 
injection of 500,000 units of penicillin G were 
49.36 units per cc at 5 minutes and 1,02 units 
per cc at 1 20 minutes. Following the adminis- 
tration of 500,000 units of BT penicillin, 
plasma concentrations were 32.51 units per cc 


at 5 minutes and 0.388 unit per cc at 120 
minutes. The difference between the plasma 
concentrations observed at 5 minutes follow- 
ing the use of the two penicillins is not sig- 
nificant since the difference represents only a 
one tube* difference in the Rammelkamp serial 
dilution method.^ The difference between 
1.02 units per cc and 0.388 unit per cc ob- 
served at the end of 120 minutes represents a 
difference of 4 tubes in the Rammelkamp as- 
say and is therefore significant, but the dif- 
ference is not great enough to postulate any 
essential difference in rate of elimination of 
the two penicillins. In Table II it may be 
observed that, at 120 minutes after the in- 
jection of penicillin G, 8 of 11 patients showed 
assayable quantities of penicillin in the cere- 
brospinal fluid whereas only 4 of 11 patients 
showed penicillin in the cerebrospinal fluid 
following the injection of BT penicillin. These 
results are barely significant statistically (p = 
0.057), The difference in actual penicillin 
concentration observed, that between 0.032 
following penicillin G and 0.01 following BT 
penicillin, is statistically significant (p = 
0.02-0.05). 

Summary. BT penicillin (n-butylthiome- 
tbyl penicillin) gave no evidences of toxicity, 
either immediate or delayed, following the 

3MUler, A. K., and Boger, W. B., Am. J. Clin. 
Path., 1948, 18, 421. 
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TABLE II. 

Penicillin in Cerebrospinal Pluid Two Hours After Initial Intravenous Injection of oOO^OOO 

Units. 


Patient 

Age, yra 

Color 

Sex 

PeuieilUn G* 

PemcillinBTl 

BC 

57 

B 

F 

.045 

.0 

ym 

35 

W 

F 

.0 

.0 

BR 

35 

B 

M 

.031 

.0 

JS 

43 

B 

M 

.045 

.0 ' 

JO 

52 

W 

M 

.0 

.045 

MeL 

38 

W 

M 

.0 

.0 

IJ 

35 

B 

M 

.023 

.022 

JM 

44 

W 

M 

.031 

.0 

HZ 

G3 

W 

M 

.045 

.0 

Mlv 

41 

^V 

F 

.090 

.022 

NW 

61 

W 

M 

,045 

.022 




Avg 

.032 

.010 


* Sodium penicUlin O in aqueous solution, 
t n-butylfchiomefcbyl penicillm in aqueous solution. 
t Oxford units of penicillin per cc of cerebrospinal fiuid. 

j Any penicillin concentration less than 0.022 unit per ec has been regarded as zero. 
Formula of B PenicilUn Nucleus 


S 

CO— NH— CH— dH ^—{CHg)^ 
|;0— JT — OHCOOH 


^ V — CHo— 
Benzyl or G 


CHg— CHo— CHo— OHa— S— CHo^ 

n-Butylthioniethyl or BT 

Structural comparison of the two pemcillius employed in this study. 


intravenous injection of 500,000 units in 11 
patients. From the work here reported it ap- 
pears that BT penicillin does not diffuse into 
the cerebrospinal fluid as readily as benzyl 
penicillin and plasma concentrations result- 
ing from its use are essentially the same as 
those following the use of benzyl penicillin. 


The aut])or3 wish to express their indebtedness 
to Doctors Harvey Bartle, Bobert Bookhaniiner, 
Eaphael Durante, Herbert Freed, and Anthony 
Frignito for their kindness in allowing us to study 
patients on their psychiatric services at the Phila- 
delphia General Hospital ; to Miss Barbara ^ • 
Frey for penieillm assays here reported, .and to 
Mr. Joseph L. Cirninera for the statistical analysis 
of data. 
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Effect of Necrosin on Spontaneous Tumors in Mice. 


From 


the A^7ies Barr 


Valy Menkin. 

Chase Foundatioii for Cancer Research, Temple 
Medicine f Philadelphia, Fenn* 


University School of 


The pattern of injury with inflammation 
has recently been found by the writer to be 
referable to the liberation of a toxic substance 


Advisory Cancer Council. 


by injured cells.^ This substance is located 
in or at least it is associated with the euglo- 
bulin fraction of exudates of dogs and of man. 
It has been termed necrosin. Recent as yet 

l llBnitin7valy, Arch. Path., 1043, 30, 260. 
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unpublished studies have demonstrated a 
similar substance in injured tissues of inverte- 
brates. The presence of necrosin in canine 
exudates has been confirmed by Smith and 
Smith^ and by Tanturi.^ Ludford has shown 
that trypan blue tends to accumulate in some 
of the cells of the stroma of tumors.^ Duran- 
Re 3 mals has demonstrated that the dye T- 
1824 and other poorly diffusable dyes localize 
from the circulating blood in spontaneous 
tumors of mice, rabbits, and of chickens^ He 
also showed that the sera of various animals 
localize from the blood into transplantable 
and spontaneous tumors of Duran- 

Reynais interpreted his findings in the light of 
a greater permeability on the part of the capil- 
laries of a tumor than under normal circum- 
stances.^ 

In vie^Y of these findings it was thought 
it would be of interest to see w'hether necrosin, 
being associated with a protein fraction, would 
also localize, when injected subcutaneously 
and at a distance from the tumor, into the 
tumor substance itself. The effect of the lo- 



Tig. 1. 

An area of the spontaneous tumor which occurs 
in a strain of Swiss mice. Note tiie general celiu* 
lar anaplasia witli few areas of adenomatous 
tendency. X225. 

calization of such a toxic substance into ex- 
perimental tumors would doubtless also yield 
valuable information. The experiments to be 
presently reported represent the first of a 
series of such observations. 

Methods and materials. In a strain of 
Swiss mice a type of spontaneous tumors, pre- 
sumably mammary in character, occurs in 
females.'^ The tumors may appear almost 



Fig. 2, 

In such tumor one frequently encounters large vascular sinusoids 
with marked congestiou. These spaces, however, are discrete and 
appear unruptured. XlOO. 

— — . ■■ 

2 Smith, 0, W., and Smith, G. V., Paoc. Soc.V ^ Durau-Rejmals, F., Am. J. Cancer, 1939, 35, 
Exp. Biol, and :Med., 1945, 50, 116. A 98. 


3 Tauturi, C. A., Cauefa, J. F., and Baud, R. F., 
JRcvisfa ** Mcdicina/* 1945, 0, 143. 

4 Ludford, B. J., Froc. Foy. Soc., ser. B., 1929, 
104, 493. 


6 Dunn, Thelma B., Mammary Tumors in Mice 
by Members of the Staff of the National Cancer 
Institute, Anierieau Association for the Advance- 
ment of Science, Smithsonian Institution Build- 
ing, Washington 25, D.C., 1945, pp. 13-38. 
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TABLE I. 


Effect of Kecrosia oa Spontaneous Tumor in Swiss Mice (S mice were C 3 H; 3 uiiee belonged 
to (Iba strain) > 


Ko. of mice 


No. of mice with frank benior- 
rhagic necrosis iu tumor or iu 
lung metastasis, or necrotic 
material in tumor 

% of mieo uith frank necrosis 
in tumor, in metastases, or in 
both 

73 mice iui. with necro^ 

67 (including the G 3 H and 

91.8 

sin (1 to 8 inj. 

sub- 

fiba mice) 


cut.; 0.2 fig to 

1748 


' 

fig per inj.) 

31 iion-inj. mice* 


7 

22.G 


Chemical analysis of one sample of neerosin utilized yielded the following data : 



% 

Carbon 

41M 

Hydrogen 

6.32 

Nitrogen 

11.58 

Sulfur 

1.56 


times very old non -injected mice with very vascular spontaneous tumors display at 
necropsy variable amounts of necrosis in the tumor, with occasional necrosis likewise occurring 
in some of the metastases in the lungs- Tins suggests that canine necrosin admiuistratioji 
hastens the time of necrosis to occur in the neoplasms studied. 


anywhere in the subcutaneous tissue, but 
they are more prevalent in the ventral surface 
of the animal. The tumors are occasionally 
found in the axilla, in the shoulder, and even 
in the dorsal surface of the neck. Sometimes 
these tumors appear in the lower portion of 
the pelvis. The tumor may show areas of 
anaplasia interspersed with other areas of 
adenomatous tendency (Fig. 1). The tumors 
are characterized by their great vascularity. 
The presence of large vascular sinusoids is fre- 
quently seen (Fig. 2). The tumor is essen- 
tially carcinomatous in appearance. 

Swiss mice with such tumors, varying in 
their size, were injected subcutaneously, at a 
distance from the tumor, with a colloidal 
solution of necrosin. The amount of necrosin 
varied from the equivalent of 1748 p,g by dry 
weight to 0.2 /tg. The injections, however, 
were always done in the fluid state in amounts 
ranging from .05 cc to 0.2 cc. The injections 
were repeated at intervals of 24 hours or 
lon-er A study of the effect on the tumors 
was^made at 1 hour, 4 hours, 6 hours and 7 
hours after the injecdon of necrosin, and also 
at the death of the animal. Death occurred 
usually, though not always, several days after 
the last injection of necrosin. 

ResuKs The results on over 100 mice are 
assembled in Table Lt In 73 mice /njected 
with necrosin 91.8fc manifested various 
orees of necrosis in the tumor substance. Fre- 


quently the necrosis Avas hemorrhagic in 
character (Fig. 3). The tumor substance be- 
came in large part replaced by the free ooz- 
ing of dark bloody-like material Only here 
and there tufts of the original neoplastic tissue 
remained. Sometimes, although perhaps not 
as frequently, a niucoid-like yellowish fluid 
was found instead of the usually relatively 
firm tumor substance. This was taken to be a 
type of necrosis. Rarely a caseous-like central 
necrosis was also apparent in the tumor sub- 
stance. 

In ail this work the effect on the metastases 
was of real interest and perhaps even of 
greater significance than the effect on the 
tumor proper. The tumor most frequently 
metastasizes to lung where the metastases ap- 
pear, in the gross, as translucent-like foci. 
Microscopically these foci appear as discrete 
carcinomatous areas (Fig. 4). The injection 
of necrosin is accompanied not only by ne- 
crosis in the tumor proper, but also by hem- 
orrhagic necrosis in many of the metastatic 
foci in lung tissue (Fig. 5), The gross ap- 
pearance of the tumor following necrosin ad- 
ministration is seen in Fig. 6, Microscopically 
the appearance of the tumot in a treated 
mouse is, as stated above, exemplified in Fig. 

t Since the completion of this mmiuscript fur- 
ther stuflioa on this subject hnvo boefi cojitinueA 
.Tliis now involves well over ISO mice in ..0 imle- 
pemlent series of experiments. 
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Fig. 3. 

This animal received 3 subcutaneous injections 
of 0.5 cc of ucerosiii diluted with saline 1:5. Over 
2 weeks later the animal died. A large amount of 
hemorrhagic fluid replaced in large part the tumor 
substance. X75. 



Fid. 4. 

The spontaneous tumor of Swss mice frequently 
metastasizes to lung. The illustration represents 
such metastasis. They appear as discrete carci- 
nomatous areas. X 150. 

3. The appearance, in the gross, of the tumor 
in a mouse treated subcutaneously with an- 
other globulin such as the leukocytosis-pro- 
moting factor of exudates of dogs" appears in 
Fig. 7. In brief, the leukocytosis-promoting 
factor of exudates seems to have no signifi- 
cant effect on the character of the tumor. 


teolytic enzyme,® an attempt was made to 
determine the effect of papain. The injection 
of this enzyme seems to induce no significant 
visible effect. These studies, however, are 
being continued with other proteolytic en- 
zymes. ^ Digestion of necrosin for several 

hours with either crystalline trypsin or papain 
does not seem to affect significantly the end 
result on the tumor. Necrosin administered to 
Swiss mice with spontaneous tumors does not 
appear to influence the longevity of the treated 
animal when compared with untreated mice. 
There may be several factors involved for 
this lack of effect on the life span. These are 
at present under investigation. One definite 
fact is a concomitant severe injury to the liver. 
This is illustrated in Fig. 8. The injury may 
be in the form of severe hepatic vacuolation. 
Sometimes varying degree of cellular infiltra- 
tion is encountered. The kidneys at times 
reveal evident injury. A similar eft'ect of ne- 
crosin was described in an earlier communi- 
cation to occur in dogs.^ Methods of obviat- 
ing injury to the liver by necrosin are also 
being studied. 

Some degree of necrosis is found in only 
22.6% of the tumors of untreated mice 
(Table I). In such animals, however, the 
metastatic lesions of the lungs are seldom 
involved. It is for this reason that a study 
of the effect of necrosin on the metastatic 
lesions in the lung may perhaps yield more 
significant information than its effect on the 
tumor proper. Only several mice were avail- 
able which belonged to different strains. These 

SMenkhi, Yaly, J. Physiol., 1946, 147, 

379. 


Necrosin is found to induce some necrotiz- 
ing effect on the tumor as early as one hour 
or so following the subcutaneous injection of 
the material, in turn administered at a dis- 
tance from the tumor. An effect can be.elici- 
ted by the injection of as little as 0.2 jig of 
necrosin. The euglobulin fraction of normal 
canine blood serum usually fails to induce 
any effect on the tumor or on its metastases. 
Since necrosin contains a slight amount of pro- 

7 Menkin, Valy, The Lancet, May 17, 1947, pp. 
CG0-CG2. 


t Since the completion of this manuscript, pre- 
liminary studies by the repeated subeutaueous in- 
jections of 0.5 mg of crystalline trypsin (Armour) 
in saline into Swiss mice with spontaneous tumors 
have yielded hemorrhagic necrosis in only some of 
the metastatic foci of the lungs. This would per- 
haps suggest a possible e.vplaiiation of the action 
of necrosin, Le., through its slight degree of pro- 
teolytic property. This phase of the work is beiug 
studied further. 

^ These studies are also being done on what has 
been found to be Strain A mice with apparently 
the same effect. This will, however, form the 
subject of a future communication. 
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Necrosin in Tumors oe Mice 



JP'iG 5 

3 subcutaneous injeations'otTi ca “°“r? received 

1:5. Over 2 weeks later tL t ® ^eerosin diluted with saline 
area manifests considerable hemordmgtrneS. 



Pig. 6. 

Gross appearance of a spontaneous tumor in a 
Swiss mouse in turn injected subcutaneously twice 
with ,05 cc of necrosin diluted with saline (1:5). 
The amount of necrosin was equivalent to 10 mg 
per injection. The animal Avas sacrificed one day 
following the second injection. Note the marked 
degree of hemorrhagic necrosis. 


^ Fio. 7. 

uross appearance of a spontaneous tumor in 
Swiss mouse following the subcutaneous inject! 
or ce or canine leukocytosis-promoting fact 
(o 1 and a 2 globulins of ejcudates). The mou 
tiled 5 days after administration of the irlobul 
material. There is no evidence of any necrosis 
the tumor. 
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Eig. 8, 

Appearance of the liver in a mouse injected sub- 
cutaneously twice with .05 cc of necrosiu. 
mouse succumbed 4 days following the second in- 
jection. Note the severe degree of injury to the 
liver in the form of marked vacuolation within the 
hepatic cells. X560. 

w'ere C H and dba mice.^ Repeated subcu- 
taneous injections of necrosin were^ likewise 
followed by some degree of tumor necrosis 
with concomitant necrotizing effect on some 
of the lung metastasis. In these animals, 
however, many more injections of this toxic 
material were necessary, and the effect was 
generally not as pronounced as on the Swiss 
strain of mice. The extensive initial vascu- 
larity of the tumor has probably something 
to do with the ultimate effect of necrosin 
administration. Finally, in view of Shear’s^ 
recent \vork on bacterial polysaccharides ne- 
crosin was tested for the iSIolisch reaction, and 
it was found on a sample utilized to be nega- 
tive. Culturing necrosin for bacteria in broth 
yielded negative results within eleven hours, 

^ Shear, M. J., J. National Cancer Jnst,, 1944, 
4, 4C1. 


and negative growth on ^ar slants within 24 
hours. The necrosin samples employed ranged 
from fresh material (only several hours old) 
to material prepared over 2 years previously 
and preserv^ in a refrigerator. The effects 
obtained were identical. Finally, the subcu- 
taneous injections of 0.2 cc of a slightly acid 
exudate (pH 6.9 to 7.0), in which presumably 
necrosin was present, induced hemorrhagic 
necrosis in the tumor and in some of the 
metastatic foci of Swiss mice.fi 

Cojidusiofis, Necrosin is a substance as- 
sociated with the euglobulin fraction of usual- 
ly acid inflammatory exudates. Its liberation 
by injured cells offers a reasonable explanation 
for the basic pattern of injury in inflammation. 

The subcutaneous injections of canine ne- 
crosin, at a distance from the site of spontan- 
eous tumors, in a strain of Swiss mice pro- 
duce, after varying intervals, hemorrhagic or 
other types of necrosis in the tumor substance. 

A necrotizing effect is also seen to occur in 
some of the metastatic lesions encountered in 
the lung. 

Necrosin injections in these mice induce 
severe injury to the liver. 

None of the effects on the tumor or on its 
metastasis are usually encountered with the 
use of the euglobulin fraction of canine blood 
serum, the leukocytosis-promoting fraction of 
canine exudates, or with one of the proteolytic 
enzymes adequately studied, namely papain. 

il My Uiauks are due to Mrs, Euth X.eulu for 
teebuical aid ia the course of this study. 
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Effect of Adrenocorticotrophic Hormone on Anaphylaxis in the Guinea Pig. 

Jacques Leger,* W. Leith and Bram Rose. (Introduced by J. S. L. Browne.) 
From the IfcGUl University CUnic, Foyal Victoria Hosyitaly Montrealf Quehcc, 


Adrenal cortical hormones are known to 
cause dissolution of lymphoid tissue,^*- and it 

• Feliow National Research Council, Canada, 

1 Dougherty, T. F., and White, A., Proc. Soc. 
Exp. Biol, axd Med., 1943, 132. 


has recently been shown that in sensitized 
animals, the rate of lymphocyte disintegra- 
tion is paralleled by an increase of circulating 
antibodies.^*^ This phenomenon may be elici- 

-Selye, H., J, Clin. Endocrinol., 194G, 6, 117. 
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3_su.eu= iSr oV“oTe“/o^f ir- ““T «eeived 



Fio. 6. 

Gross appearance of a spontaneous tumor in a 
bwiss mouse in turn injected subcutaneoush- tmce 
wtli .00 ce of necrosin diluted with saline (1:5). 
The amount of necrosm was equivalent to 10 mij 
per injection. The animal was sacrificed one day 
folloiving the second injection. Note the marked 
degree of hemorrhagic necrosis. 


“ fiflobuiins of exudates). The mi 
of the gC 
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mg A.C.T.H. for mice, 60 to 80 days of age 
and 10 mg of A.C.T.H. for 4-month-oId rab- 
bits, it was considered that weight for weight 
to 4 mg of A.C.T.H. would be a suitable 
dose for the guinea pigs used. The animals 
were carefully observed for the appearance of 
anaphylactic shock which was graded as fol- 
lows: mild shock, severe shock, and death. 

Results, The results of this experiment are 
summarized in Table I- The animals in 
both groups showed a similar response to the 
shocking dose of the antigen. Group I, the 
control group, all showed varying degrees of 
shock, which was fatal in 12 of 17 animals, 
with 3 showing severe shock and 2 showing 
symptoms of mild shock. Group II, the ex- 
perimental group, also showed 100^ reac- 
tivity, there being 12 instances of fatal shock, 
3 cases of severe shock, and mild shock in 3 


animals. The time of death occurred at ap- 
proximately the same time interval following 
the shocking dose in both groups of animals. 
Therefore, one may conclude that A.C.T.H. 
in the dose administered, and under these 
experimental conditions, does not seem to 
have any effect on anaphylactic shock as 
elicited in guinea pigs by the procedure out- 
lined above. 

Summary, The administration of adreno- 
corticotrophic extract to sensitized guinea 
pigs prior to injection of a shock dose of anti- 
gen failed to influence the course of anaphylac- 
tic shock in a group of 18 animals. 

We wish to thank Dr. J. P. iMote of Armour 
Laboratories for the preparation of A.C.T.H., and 
Mr. Peith for tecluucal assistance. The horse 
serum was kindly supplied by Prof. L. Forte of 
the Universite de Montreal- 
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In vitro Studies of Aureomycin, a New Antibiotic Agent.^ 

Eleanor A. Bliss and Caroline A. Chandler. ^Introduced by P. H. Long.) 
I^ro7Ji the Departjnents of Preventive Medicine and PediotrieSj The John^ I{o2>l’in^ Viiiversity 
School of Medicine, Paltiiivore, Md. 


Samples of a new antibiotic, designated as 
A3 7 7 and later named aureomycin, were re- 
ceived from the Lederle Laboratories Division 
of the American Cyanamid Company, in 
November 1947. Since preliminary trials 
showed that the product had considerable 
activity in vitro against both a gram nega- 
tive bacillus and a gram positive coccus, it 
was decided to test it further. 

Description^ According to information re- 
ceived from the Lederle Laboratories, aureo- 
mycin is derived from a strain of Streptomy- 
ces aureofaciens. The partially purified hy- 
drochloride which was sent us is a bright yel- 
low, huffy, crystalline material. A 10% 

* These iuvcstigations were supported by grants 
from Abbott Laboratories, Eli Lilly and Company, 
Lederle Laboratories Duisiou of the American 
Cyanamid Company, Parke, Davis and Company, 
and The TIpjolm Company. 


solution can be prepared in distilled water 
but the solubility is lowered by the presence 
of sodium chloride. The pH of a 0.1% 
aqueous solution is approximately 4. Dilute 
broth solutions pass through Berkefeld N and 
Seitz filters with but little loss of activity. 

Range of Action. The least amount of 
aureomycin which prevents visible growth 
for 24 hours was determined for a variety of 
gram positive and gram negative bacteria. 
Pol>Tnyxin^ and penicillin were used as stand- 
ards of comparison in parallel tests. Serial 
2-fold dilutions of the drugs in Difeo Heart 
Infusion Broth, with 0.075% dextrose added, 
were inoculated with equal volumes of 18 hour 
old cultures so diluted as to result in ap- 
proximately 200,000 organisms per cc. The 
diluent for the gram negative bacilli was 

iStansly,~P. G., Shephera,"E. G., and White, 
H. J., Ball, doling Bophins Mosp., 1947, 81, 43. 
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TABLE I. 

lafluejice of A.O/r.H.>on Anax)IiylacHe Shock. 


Animals 

Sensitizing 
dose, cc 

Control group. 
Incubation Shocking 

period, days dose, cc 

A.C.T.H. 

mg SymiJtouis 

1 

.25 

13 

0,5 

Severe 

2 

.25 

13 

' 0.5 

Fatal 

3 

.25 

12 

1.0 

}> 

4 

.25 

12 

1.0 

} i 

5 

.25 

12 

1.0 

i y 

6 

.25 

12 

1.0 

}) 

7 

.25 

12 

1.0 

>) 

8 

.25 

17 

0.5 

jf 

9 

.25 

17 

0.5 

Mild 

10 

.25 

17 

0.5 

Fatal 

11 

.25 

17 

0.5 

Severe 

12 

.25 

17 

0.5 

Fatal 

13 

.25 

17 

0,5 

Severe 

14 

.25 

17 

0.5 

Fatal 

15 

.25 

17 

0.5 

Mild 

IG 

.25 

17 

0.5 

Fatal 

17 

.25 

17 

0.5 

f J 


% shock 


12 died 


100% shock 


Experimental group. 


1 

.25 

13 

1.0 

4 

2 

.25 

13 

0.5 

4 

3 

.25 

13 

1.0 

4 

4 

.25 

13 

1.0 

4 

5 

.25 

13 

1.0 

4 

6 

.25 

13 

1.0 

4 

7 

.25 

13 

1.0 

4 

8 

.25 

13 

0.5 

3.5 

9 

,25 

17 

0.5 

3.5 

10 

.25 

17 

0.5 

3.0 

11 

12 

.25 

.25 

17 

17 

0.5 

0.5 

3^5 

3.5 

13 

.25 

17 

0.5 

3.0 

14 

.25 

17 

0.5 

3.0 

15 

.25 

17 

0.5 

3.0 

16 

17 

IS 

.25 

.25 

.25 

17 

17 

17 

0.5 

0,5 

0.5 

3.5 

3.5 
3.5 


Eatal 

tj 

Severe 

Eatal 

12 died 

Mild 

Fatal 

j } 

Severe 100% shock 

Fatal 

Mild 

Fatal 

Severe 

Mild 

Fatal 

j > 


if 


Fatal refers to death. 


ted by admimstration of adrenal cortical hor- 
mones, or by stimulation of the adrenal cor- 
tex by means of A.C.T.H. (adrenocortico tro- 
phic hormone). The following investigation 
was carried out in order to study the effect of 
A.C.T.H. on anaphylactic shock in the guinea 


r. 

Methods. Thirty-five male and female 


1 Dougherty, T. F., Chase, J. H., and White, A., 
30 . Soc. Exp. Bjol. and Med., 10^4. ^7, -Do. 
Dougherty, F. F., White, A., and Chase J. H., 
30. Soc. EXP. BIOI- AND Med., IDH oO, -s. 
Dougherty, T. F., Chase. J. H., aud 
30 . Soc. ExP. Biod. AND Med., 194d, o8, 135. 

: Dougherty, T. F., and White, A., J. LaV. and 
1U 1047, S2, 584, 


guinea pigs weighing between 200-400 g 
were injected intraperitoneally with 0.25 cc 
of undiluted horse serum. These animals 
were submitted to a re-injection of to 1 
cc of the same antigen after an incubation 
period varying between 12 to 17 days. The 
readministration was performed via the jugu- 
lar vein, which had been exposed by dissec- 
tion in the unanaesthetized animal. The 
animals were divided into two groups, Group 
I comprising 17 control guinea pigs, and 
Group II comprising the remaining 18 ani- 
mals. The animals of Group 11 were given 
3'/l> to 4 mg of A.C.T.H. (s.c.) 6 to 8 hours 
prior to the shocking dose of the antigen. 
Since Dougherty and his colleagues used 1 
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mg A.aT.H. for mice, 60 to 80 days of age 
and 10 mg of A.C-T.H. for 4-moiith-old rab- 
bits, it was considered that weight for weight 
8)4 to 4 mg of A.C.T.H. would be a suitable 
dose for the guinea pigs used. The animals 
were carefully observed for the appearance of 
anaphylactic shock which vras graded as fol- 
lows: mild shock, severe shock, and death. 

Results, The results of this experiment are 
summarized in Table I- The animals in 
both groups showed a similar response to the 
shocking dose of the antigen. Group I, the 
control group, all showed varying degrees of 
shock, which was fatal in 12 of 17 animals, 
with 3 showing severe shock and 2 showing 
symptoms of mild shock. Group II, the ex- 
perimental group, also show^ed 100% reac- 
tivity, there being 12 instances of fatal shock, 
3 cases of severe shock, and mild shock in 3 


animals. The time of death occurred at ap- 
proximately the same time interval following 
the shocking dose in both groups of animals. 
Therefore, one may conclude that A.C.T.H. 
in the dose administered, and under these 
experimental conditions, does not seem to 
have any effect on anaphylactic shock as 
elicited in guinea pigs by the procedure out- 
lined above. 

Summary, The administration of adreno- 
corticotrophic extract to sensitized guinea 
pigs prior to injection of a shock dose of anti- 
gen failed to influence the course of anaphylac- 
tic shock in a group of IS animals. 

We wisli to tliank Dr, J. P. Mote of Armour 
Laboratories for the preparation of A.C.T.H., and 
Mr. Feith for teelmieal assistance. The horse 
serum was kindly supplied by Prof. L. Forte of 
the Uuiversite de Montreal, 
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I;x vitro Studies of Aureomycin, a New Antibiotic Agent.* 

Eleanor A. Bliss and Caroline A. Chandler, introduced by P. H. Long.) 

From the Departments of Freveniite Medicine and Pediatrics, The Johns Eopl'ins University 
School of Medicine, Baliinvore, Md. 


Samples of a new antibiotic, designated as 
A3 7 7 and later named aureomycin, were re- 
ceived from the Lederle Laboratories Division 
of the American Cyanamid Company, in 
November 1947. Since preliminary trials 
showed that the product had considerable 
activity in vitro against both a gram nega- 
tive bacillus and a gram positive coccus, it 
ivas decided to test it further. 

Description According to information re- 
ceived from the Lederle Laboratories, aureo- 
mycin is derived from a strain of Streptomy- 
ces aureojaciens. The partially purified hy- 
drochloride which vras sent us is a bright yel- 
low, fluffy, crystalline material. A 10% 

These investigations ■were supported by grants 
from Abbott Laboratories, EU Lilly and Company, 
Lcderlo Laboratories Division of the American 
CVanamid Company, Parke, Davis and Company, 
and The tipjohn. Company. 


solution can be prepared in distilled water 
but the solubility is lowered by the presence 
of sodium chloride. The pH of a 0.1% 
aqueous solution is approximately 4. Dilute 
broth solutions pass through Berkefeld N and 
Seitz filters with but little loss of activity. 

Range of Action, The least amount of 
aureomycin which prevents visible growth 
for 24 hours ivas determined for a variety of 
gram positive and gram negative bacteria. 
PolyTuyxin^ and penicillin were used as stand- 
ards of comparison in parallel tests. Serial 
2 -fold dilutions of the irugs in Difco Heart 
Infusion Broth, with 0.075% dextrose added, 
were inoculated wth equal volumes of 18 hour 
old cultures so diluted as to result in ap- 
pro.vimately 200,000 organisms per cc. The 
diluent for the gram negative bacilli was 

1 Staiisiy, P. G., Shepherd, K. G., and White, 
H. J., Bull Johns Hophins Mosp,, 1947, SI, 43. 
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TABLE I. 

Comparative Activity of Aureomycin (A377), Pemcilliii, and Polj^inyxhi (B71) for Various Bacteria. 


Inoculum, 


Minimal inhibitory cone., 
7 /ee (24 hr) 


Bacterium 

typo 

Medium 

ce 

A377 

Peni. 

B71 

A/P ratio 

Sir, hcmoluticus 

A-C203 

Blood HIB 

.5 X 10'3 ‘ 

,3125 

,006 


50 

f> ft 

B-Zymog* 

* 3 3 

3 3 

1.25 

2.5 

>(20) 

.5 

>> Jy 

T-Eor 

33 

3 3 

.625 

.05 


12.5 

ti a 

G-Bog 

3 3 

3 3 

1.25 

.0125 


100 

J). pneumoniae 

I SVl 

7 i 

1 I 

.3125 

.025 


12.5 

} y y j 

I Bailey 

3 3 

3 ) 

.3125 

,0125 


25 

}t fi 

II 

3 3 

X 10-i 

.3125 




J7 it 

III 

3 3 

3 3 

.156 




Str. faecal is 

B-Tarr^ 

3 3 

X 10-3 

1.25 

>1 


< 1 

Staphylococcus 

Barlow 

3 J 

) 3 

.625 

.025 


25 

(all are aureus) 

Zeut 

Zorn 

3 3 

33 

3 3 

3 3 

.62 

.62 

.05 

.05 


12.5 

13.5 

B. siihtilis 

Lederlo 

3 3 

33 

.08 




fj if 

PDA 

- 3 3 

7 3 

2,5 




a If 

a 

Plain HIB 

3 3 

2.5 



* 

B. coli 

4 SI 

3 3 

X 10-1 

5.0 


.156 

32 

yj a 

9 

3 3 

3 ) 

5.0 


.156 

32 

A. aerogenes 

37 tl 

7 

8 

3 3 

33 

33 

33 

5.0 

5.0 

* 

.3125 

.625 

16 

8 

K. pneumoniae 

Lederle 

3 3 

3 3 

1.25 


.156 

.625 

8 

s 

3 3 3 i 

Cephus 

3 3 


5.0 




Ts, aeruginosa 16 

Calloway 


^roteits 


17 

IS 


>20 

>20 

>20 

>20 

2.0 


2.5 


> s 

> S 


>20 

>20 


.35 


JET. inp.ucn 2 ae b^Pittman Eildes*HIB 

1.25 y/ce A377 and were less sensitive to penicillin. 


heart infusion broth, that for the cocci con- 
tained 4% of washed rabbit red cells. The 
tests were read after 18 hours incubation at 
37°C. 

The results are shoivn in Table !• It is 
apparent that, in the test tube and with the 
inocula used here, aureomycin is less effec- 
tive than polymyxin and penicillin against the 
gram negative bacilli and the gram positive 
cocci, respectively. The only e-xception noted 
was in the case of the Group D streptococci. 
Both a and p strains of these organisms were 
more suiceptible to aureomycin than to pern- 
cilUn In the concentrations t^ted here, 
neither aureomycin nor polymyxin checked 
the growth of Proteus. 


Comparison was also made with streptO' 
mycin in a few instances, with the results 
shown in Table II. Aureomycin was less ef- 
fective than streptomycin in suppressing, for 
18 hours, the growth of E. coll and K. pneu- 
moniae. The strain of staphylococcus which 
was used in this test was more susceptible to 
the new agent than to streptomycin, while 
the two agents were equally effective against 
//. influenzae 6. 

Bacteriostatic vs. Bactericidal Activity. In 
the course of the above tests it was noted that 
on further incubation the end-points for aureo- 
mycin moved up day by day. ^loreover, sub- 
cultures on blood agar plates made after the 
first day of incubation showed the presence of 
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TABLE n. 

Comparative Activity of Aureomycin (A377) and Streptomycin for Various Bacteria, at the 
' End of 24 and 48 Hours Incubation. 


End-point — y / cc 


Organism 

Drug 

Turbidity Subculture 
24 hr 48 hr 24 hr 

A/S ratio 

24 hr 

E, coli 

A377 

Streptomycin 

10,0 

5.0 

20.0 

5.0 

>30.0 

5.0 

2.0 

Staph, aureus 

A377 

Streptomycin 

1.0 

10.0 

10.0 

10.0 

>20.0 

10.0 

0.1 

K. pneumoniae 

A377 

Streptomycin 

2.5 

1.25 

10.0 

1.25 

15.0 

1.25 

2.0 

H. influenzae 

A377 

Streptomycin 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

0.67 


Note; Jledium— Heart infusion broth, escept in case of H. influen:ae where Fildes broth 


was used. 


TABLE m. 


Growth Rate of E. coU and Beta Streptococcus in the Presence of Aureomyciu (A377), 

Polymyxin (B71), and Penicillin. 

(a) £. coli — Heart Infusion Broth. 


Time of plating 

Hr after 
inoculation 

Broth control 

A377 

20 v/cc* 

Organisms per cc 

B71 

0.2 7/cct 

X 1000 

X 1000 

X 1 ' 

0 

220 

230 

310,000 . 

1 

430 

90 

20 

3 

16,000 

35 

<10 

6 

300,000 

12 

< 2 

24 

5,000,000 

13 

< 2 

72 

— 

4'4"*p-h t 

— 


(b) Beta Streptococcus C203 — Heart Infusion Broth 4" Blood. 

A3 7 7 Penicillin 



Broth control 

1.25 7/cc* 

0.025 7/ce* 

Exp. 1 

Exp. 2 

^Exp. 1 
Organisms per 

Exp. 2 ' 
cc X 1000 

Exp. 1 

Exp. 2 

0 

140 

275 

40 

305 

120 

290 

1 

200 

545 

90 

95 

40 

30 

3 

4000 

— 

42 

— 

5 

— ^ 

4 

— 

19,000 

— 

12 

— 

.3 

5 

115,000 

— 

23 

— 

1.8 

— 

24 

550,000 

— 

6 

— 

.03 

— 

48 

— 


— 

+ + + + 

— 

0 

72 

— 

— 

+4-4-4- 

— 

0 

— 


* 4 times minimal inhibitory concentration for test organism, 
t Maximum turbidity. 

t This test was run on another occasion; 0.2 7/ec polymyxin is only slightly more than the 
minimal inhibitory concentration for E. colL 


viable organisms in tubes containing 20 times 
the amount of antibiotic which had prevented 
visible growth. 

These observations, illustrated in Table II, 
indicated that aureomycin is bacteriostatic 
rather than bactericidal in its action. This 


point has been confirmed by studies of the 
rate of growth of E. coli and the C203 strain 
of hemolytic streptococcus in the presence of 
4 times the inhibitory concentration of the 
agent. In the case of C203 comparison was 
made with penicillin. Ten cc volumes of the 
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Duration of preliminary 
incubation, hv 


Visible end-point y/ee 


24 hr reading 

4S hr reading 

— ..... — 

72 hr reading 

* 

0 

1.25 

5.0 

10 

• 24 

10 

20 

20 

4S 

20 

>20 

>20 

t 

0 

X.2o 

2.5 

10 

24 

2.5 

10 

20 

48 

5 

20 

>20 


* iiO y/ec A377 in Iienrfc infusion broth nftev 0 hv, 24 hr, 48 hr incubation — titrated a^ninst 
test organism (Staph, aureus). 

\ Supernatant of 40 7/cc A377 after incubation witli live Staph, aureus at 0 hr, 24 hr, 
48 hr — titrated against test organism (Staph, aureus). 


solutions were inoculated with 0,1 cc of 1:100 
dilutions of the cultures. Plates were poured 
at intervals. The results, shown in Table 
III a and b, indicate that although aureomy- 
cin brings about a progressive decline in the 
bacterial population for the first 24 hours of 
exposure, the organisms eventually recover 
and reach maximum growth. In contrast, 
penicillin caused an immediate decline in the 
bacterial count which terminated in the sterili- 
zation of the cultures. Polymyxin, in a con- 
centration only slightly above the minimal 
inhibitory concentration, has been observed, 
in other studies,- to exert an extremely rapid 
bactericidal effect upon E. colt. Aureomycin 
is clearly less decisive in its action than are 
penicillin and polymyxin. 

It is not known at present whether the 
eventua? outgrowth, in the case of aureomycin^ 
is the result of the survival of resistant organ- 
isms or is due to the deterioration of the 
drug. As shown in Table IV, when aureomy- 
cin was titrated in the usual manner after 
incubation at 37 in broth alone or in the 
presence of the test organism for 24 and 48 
hours, there was progressive and rapid inacti- 
vation. 

Confirmatory evidence of this phenomenon 
was obtained in another set of experiments in 
which pneumoniae was the test organism. 
Three sets of tubes, each containing 2-foId 
dilutions of aureomycin from 0.625 y/cc 
through 20 y/cc were inoculated in the usual 
manner. After 24 hours incubation, growth 


was found to have been inhibited by 2.5 y/cc 
per tube of drug in all 3 sets of tubes. The first 
set (a) was allowed to incubate without fur- 
ther addition of drug through 72 hours. 
Fresh drug, to give an additional 2.5 y/cc 
per tube, was added to the second set (b) at 
24 hours, and to the third set (c) at 24 and 
48 hours. As shown in Fig. 1, the inhibitoiy 
concentration in (a) was 20 y/cc at 48 hours 
and more than 20 y/cc at 72 hours. Growth 
in (b) was inhibited by 2.5 y/cc for 48 hours 
and then titrated to more than 20 y/cc at 72 
hours. In (c), however, with drug replenished 
at 24 and 48 hours, the original inhibitory 
titre of 2.5 y/cc was maintained throughout 
the 72 hour observation period. With no 
further addition of drag to set (c) at 72 hours, 
growth occurred through 20 y/cc at 96 hours. 



Time of Observ.'itioJi. 

A; Xo addition of auroomyeiii. 

B; Addition of 2.3 pgA'V' at 24 hr. 

C: Addition of 2.5 ^g/ee at 24 and 4S hr. 

Fig. 1. 

Effect of adding iucnamnits of fre.sh aurco- 
myt’in. 


2 To he published. 




Effect of Environmental Factors on Titra- 
tion^ Medium. In contrast to that of the sul- 
fonamides, the activity of aureomycin for £. 
coli is but little better in the synthetic me- 
dium, SlGl,^ than it is in heart infusion broth. 
The addition of serum, however, to either me- 
dium has a marked effect upon the titration 
end point. As shown in Table V, the end points 
vary directly with the concentration of serum. 
In this respect aureomycin resembles penicil- 
lin. The effect, however, is very much greater 
on the new antibiotic, 50% serum causing a 
20- to SO-foId raising of the end-point of 
aureomycin and only a 4-fold increase in the 
case of penicillin. 

Temperature. Aureomycin showed progres- 
sive loss of activity when held, in broth solu- 
tions, at higher than refrigerator tempera- 
tures. As shoum in Table VI, at room temper- 
ature there was no change for 5 hours, but by 
24 hours half the activity had been lost. 
Storage at 37 for 18 hours before use re- 
duced activity by 60%, At 56°C the rate of 
deterioration increased; 50% of the activity 

3 Bliss, E. A., and Loug, P, H., Bull. Johns Hop. 
I'his Hosp.y 1041 , 00 , 14 , 


was lost in 1 hour, 75% in 4 hours. 

Relation of She of Inoculum to Minimal 
Inhibitory Concentration. Seven sets of 
serial 2-fold dilutions of aureomycin, contain- 
ing 0 to 50 y/cc, were set up in Wassermann 
tubes. Each set was inoculated with one of a 
series of 10-fold dilutions, in blood broth, of 
an 18 hour culture of C203. The tests were 
incubated at 37'^ C for 18 hours. It was found 
that the end-point depends, to a certain ex- 
tent, upon the number of organisms inocu- 
lated. Inocula of 10"^ to lO"* cc of culture 
were inhibited by 0.156 y/cc aureomycin, 
while 0.312 y/cc was required to delay the 
development of ICb- to 10^ cc. The end- 
point obtained with 1/10 cc of culture could 
not be determined because there was sufficient 
streptolysin present in the inoculum to hemo- 
lyze the red blood cells. 

Summary. A new antibiotic, aureomycin, 
is effective in vitro against both gram positive 
and gram negative bacteria. Although its 
activity is of a lower order than that of peni- 
ciliin for gram positive cocci or polymyxin for 
gram negative bacilli, it is effective against 
both classes of bacteria in concentrations close 
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to those required of streptomycin. Inhibition 
at such concentrations, however, is fleeting 
in the case of aureomycin, much larger 
amounts being required for permanent sup- 
pression of growth. The new agent is bac- 
teriostatic rather than bactericidal in its ef- 
fect. Its antibacterial action is greatly dim- 
inished in the presence of serum, in vitro j and 
deterioration at room temperature is marked. 


Differences in the size of the inoculum have a 
moderate effect upon the minimal inhibitory 
concentration. 

The authors are grateful to Miss Elizabeth Butr 
and Miss Jean Eisher of this department for tceh- 
nicai assistance, and to Miss Minnie Schreiber 
and Miss Koscinary Stokes, of the Biological 
Division, The Johns Hopkins Hospital, for provid- 
ing many of the test strains. 
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Further Studies in Experimental Allergic Encephalitis in the Guinea Pig. 

Hilary Koprowski and George A. Jervis. (Introduced by Herald R. Cox.) 
From the Section for Viral and Micketisial Sesearchf Lederla Laboratories Pimion, 
Cvanamid CompOTiy, JPearl Miver, T,, and the Mesearch Department, New York State Depart- 
ment of Mental LLygiene, Letchivorth Village, Thiells, N, Y, 


It has been indicated^*- that an encephalitic 
process, presumably allergic in nature, results 
in guinea pigs inoculated with rabbit-brain 
tissue and “adjuvants”. A brief report is 
herein given of additional experiments with 
brain-tissue inocula derived from various 
animal species, as well as on the effect of 
progressive dilutions of brain-tissue inocula, 
attempts at purifying the antigen, effect of 
intracerebral re-injection of the antigen, and 
on the development of anti bra in antibodies in 
animals inoculated either subcutaneously 
alone, or subcutaneously and then followed by 
an intracerebral inoculation of the brain sus- 
pension. 

L Inoculation of brain tissue from various 
animal species. The technic followed was the 
same as reported previously^ except that brain 
material from 5 different species was used 
for the subcutaneous inoculation. Paralysis 
of inoculated guinea pigs was observed usually 
21 or more days after the injection. Death 
followed from 1 to 15 days after onset of 
paralysis and occasionally occurred in animals 
which had shown no neurological manifesta- 
tions. The results obtained (Table I) do not 
lend themselves to a satisfactory comparison 

1 Freund, Stem, B, K, and Pisani, T. M., 

J, Immunol., 1947, 57, 179. 

SJervia, G. A., and Koprmvski, H., J. Neuro- 
path. and Exp. Neurol, 1948, 7, 309. 


because of the low and unequal number of 
animals used in each group. In general, the 
percentage of animals which succumbed was 
proportionately similar in each group regard- 
less of the source of the brain tissue used in 
the inoculum. 

Lesions in the central nervous system 
(CNS), of the type already described,- were 
observed in all animals. In general no con- 
spicuous differences were noted in the lesions 
which could' be ascribed to the use of hetero- 
logous antigens, but in some guinea pigs more 
extensive lesions were obtained when guinea 
pig brain suspensions were used as inoculum. 

2. Effect of progressive^ dilutions of brain 
tissue inoculum. Phenolized rabies vaccines 
prepared from calf and rabbit brain tissue, 
respectively, were used as source material for 
the inoculum. Starting with the 1 :20 dilution 
of brain emulsion, serial twofold dilutions were 
made in saline, incorporated into adjuvants 
and injected into guinea pigs. For the sake 
of brevity, the results of the experiment 
(Table II) were grouped irrespective of the 
brain tissue used as inoculum. For compari- 
son. are included data summarizing the re- 
sults of various experiments in which guinea 
pigs were inoculated with a suspension of 
normal rabbit brain tissue in 1;I0 dilution. 
I7p to and including the 1:80 dilution, there 
appeared to be no material difference in the 
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TABLE I. 

Hesuits Obtained in Guinea Pigs Injected with Brain-tissue Inocuia Derived from \ anous 

Animal Species. . 

Guinea pigs 


Paralyzed 


Died 


Brain tissue 
used 


Guinea pigs 
inoculated, No. 


No, 


% 


No. 


Babbit 

Guinea pig 

Human 

Calf 

Swine 

Total 

94 

20 

20 

19 

9 

162 

45 

11 

7 

9 

6 

78 

48 

55 

35 

47 

66 

4S 

39 

10 

11 

7 

6 

73 

41 

50 

55 

37 

66 

45 

BesuUs Obtained in 

TABLE II. 

Guinea Pigs Inoculated ^vitU Various Dilutions of Babies Vaccines. 

Dilution of 
brain tissue 

Guinea pigs 
inoculated, No. 


Guinea pigs 


Paralyzed 

Died 

No. 

W 

No, 

% 

1:20 

19 

9 

47 

6 

32 

1:40 

15 

10 

66 

10 

66 

1:80 

19 

10 

52 

13 

68 

1:160 

20 

4 

20 

5 

25 

1:320 

19 

1 

5 

o 

10 

1:10^ 

162 

78 

48 

73 

45 


* Normal rabbit-brain tissue used as inoculum. 


number of paralyzed or dead animals, and the 
dilution used. However, a definite decline in 
the incidence of paralysis or death was ob- 
served among the animals inoculated with the 
1:160 and 1:320 dilutions. 

3. Attempt at purification of brain anti- 
gen, Precipitation Avith methanoP failed 
either to enhance or to inhibit the antigenic 
property of the human brain substance and 
further fractionation was done by Klenk’s 
technic.** The methanol-chloroform extracted 
fraction, ivhich contains cerehrosides and 
sphyngomyelin, caused paralysis in 2 animals 
of 10, while 3 of 10 animals showed paralysis 
following the injection of the protein fraction 
remaining after extraction of all lipoids. The 
pathological picture differed in no way from 
that obtained with the whole brain tissue. 

The results obtained with the lipoid frac- 
tion conform to expectation since it has been 

3Koprowski, H., Black, J., and Cox, H. K., 
Proc. IVih Znternat, Congr, lficro6iot., Copen- 
hagen, 1947, in press. 

^ inenk, E,, Boppc-Seyler /, phijsiot, Chem., 
1939, 202, 128. 


shown that the substance responsible for the 
allergic reaction is present in the myelin 
sheaths^’® which have a high cerebroside con- 
tent. Alvord® has recently reported that the 
phosphatide fraction obtained with Bloor^s 
technic is also effective in producing allergic 
encephalitis. Apparently the antigenic prop- 
erty is shared by more than one substance 
present in the white matter of the CNS, It 
should be noted, however, that the fractions 
used are not chemically pure substances but 
only mixtures of cerehrosides and sphyngo- 
myelins, or of lecithins and cephalins, contain- 
ing many impurities. The purification and 
identification of the antigen awaits further 
study and elucidation. 

4. Intracerebral re-inoculation of the anti- 
gen, Five to 7 weeks after the primary sub- 
cutaneous injection of brain antigen combined 
with adjuvants, guinea pigs which had sur- 
vived were given intracerebrally O.l ml of 

sKabat, A. E., Wolf, A., and Bezer, E. A., 
J, Exp. Med,, 1947, 85, 117. 

‘^Aivord, E. C., Jr., Peoc. Soc. Exp, Biol. axi> 
Med., 1948, 67, 459. 
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TABLE III, 

Besults of Intracerebral Inoculation of Guinea Pigs Previously Sensitizotl by Subcutaneous 
Injeetlon of Houiologous or Heterologous Antigen. 


Brain tissue 
inoculated subeut. 

Brain tissue used in subsequent intracerebral 
inoculation* 

Babbit-. 

Guinea pig Human Calf 

Babbit 

17/19 

1/2 

Guinea pig 

0 /a 

1/6 

Human 


9/9 

Calf 

0/3 

0/3 3/3 


* Denominator denotes tlje number of guinea pigs inoculated, numerator the number which 
died. 


10% suspension of brain tissue in saline. With 
one exception, a high mortality ratio was ob- 
tained (Table III) in those groups which had 
received intracerebral inoculation of the same 
species-brain tissue suspension to which they 
had been previously sensitized. Death of the 
animals, occurring 3 to 15 days after the 
intracerebral inoculation, was usually pre- 
ceded by signs of tremors, tonic spasms of 
the neck, paralysis, and occasionally by con- 
vulsions. The exception, mentioned above, 
occurred in the group of 6 animals which were 
injected both subcutaneously and intracere- 
brally with guinea pig brain. In this group 
only 1 of 6 animals died and its death may 
have been accidental since no marked patho- 
logic changes were noted on examination of 
the brain tissues (see below). In the re- 
maining groups of guinea pigs which had re- 
ceived intracerebrally brain tissue suspensions 
of animals other than from those to which 
they had been previously sensitized by sub- 
cutaneous inoculation, only 1 of 11 died. 

Histopathological examinations- were made 
of the brain and spinal cord tissues of all 
guinea pigs that died, and of those which sur- 
vived and had been sacrificed approximately 
30 days after inoculation. Conspicuous 
changes were observed at the site of injec- 
tion. In animals which had died within a 
few days after the inoculation, the local 
lesion consisted of a large necrotic hem- 
orrhagic area. Only tissue-debris was seen 
at the center, while at the periphery large 
numbers of granular compound corpuscles and 
rich perivascular infiltrations of hematogpj 
ous elements were observed. In animals which 
died after the first week, hematogenous ele- 


ments were scanty and infiltrations with coin- 
pound granular elements predominated so 
that the local lesion was mainly one of 
demyelination with central necrosis. Further- 
more, throughout the CNS, numerous dissemi- 
nated areas of demyelination and perivascular 
infiltration of the type previously described- 
were observed. The fact that the animals had 
shown no conspicuous neurological signs be- 
fore the intracerebral injection suggests that 
at least some of these lesions were of recent 
appearance and followed the intracerebral ad- 
ministration of antigen, and not older lesions 
occasioned by the subcutaneous injection. The 
pathological changes were most striking in 
those animals which received intracerebrally 
the same species-antigen to which they had 
been sensitized, and much less severe in those 
which had received antigen derived from two 
different species. It was, however, a dif- 
ference in degree rather than in quality.^ The 
6 animals (Table III) which were injected 
both subcutaneously and intracerebrally with 
guinea pig brain were an e.xception, since the 
local pathological lesion was mild. 

Ten control animals which received intra- 
cerebral injections of brain tissue, without pre- 
vious sensitization, showed no clinical signs 
and only minimal pathological lesions. 

The focal necrotic lesions of the brain 
observed in these experiments bore a resem- 
blance to those reported in experimental Ar- 
thus-phenomenon in the brain of rabbit,^ 
guinea pig,^ and monkey,® That the lesion 

7 DaviUoff, L. M., Seegal, B. C, and Seegal, B., 
/. £xp, JLCed,, 1032 , 55 , 163 . 

s Alexander, L., and Campbell, A. C. P., J»h J. 
Taih.y 1937, IS, 229. 
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was more marked when the intracerebral 
inoculum was from the same species as that 
injected subcutaneously, conforms to the hy- 
pothesis that the pathological changes are ana- 
phylactic in nature. However, the process 
seems to be of uncommon intensity in these 
experiments as evidenced by the high mor- 
tality ratio. It is interesting to note that 
Freund^ also observed high mortality after re- 
inoculation of the brain substance intracutan- 
eously into a sensitized animal. These find- 
ings may offer some indication as to the 
possible allergic nature of the encephalomye- 
litic process. 

5. Deter??ihwtw }2 of antibrain antibodies 
in animals. The presence of antibrain anti- 
bodies in the blood serum of guinea pigs was 
determined by complement-fixation tests 
against three antigens; human, normal guinea 
pig and rabbit brain which were prepared ac- 
cording to the technic of Casals and Pala- 
cios4^ The technic of the test itself followed 
the one generally employed in this labora- 
tory^^ except that 1.5 units of guinea-pig com- 
plement was used. Determinations were per- 
formed (a) in animals injected subcutaneous- 
ly as described under items 1 and 3, and (b) 
in animals first injected subcutaneously and 
then intracerebrally as described under item 
4. 

(a) Complement-fixing antibodies against 
rabbit brain antigen were first noted on the 
7th day after the subcutaneous injection of 
rabbit-brain suspension combined with adju- 
vants. On the 11th day, antibodies against 
brain antigens of all 3 species appeared, and 
the titer rose rapidly reaching a peak between 
the 16th and 21st day, followed by a gradual 
decline. In 2 of the 4 animals examined, 
antibodies were still present on the 193rd day 
after injection. With the rabbit-brain inocu- 
lum, the titer of antibodies in serum was 

ojenis, G. A., Ferraro, A., Kopeloff, E. M., 
and Kopeloff, N., <lrc/i. Xeurol. and Pai/cliiatr,^ 
1941, 4o, 733. 

10 Casals, J., and Palacios, R., J, Exp, Med,, 
1941, 74, 409. 

iiKolmer, J. A., and Boerner, F., Approved 
Laboratory Technic, Chap. 29, 3rd etiition, Apple- 
ton Century Co., New York, 1941. 


always higher when tested against rabbit- 
brain antigen than against guinea pig or 
human antigen. In further experiments, it 
was noted than brain-specific antibodies ap- 
pear in all injected animals irrespective of the 
species-source of the brain tissue inoculum. 
The only significant exception was the guinea 
pig brain antigen with which, while it induced 
marked incidence of paralysis in the inoculat- 
ed animals (Table I), no antibrain antibodies 
were demonstrated. In general, no correla- 
tion was observed between the titer of anti- 
brain antibodies and the clinical picture pre- 
sented. Following the injection of rabbit- 
brain tissue, incorporated in Bayol F and 
lanolin but without the addition of acid fast 
bacilli, complement-fixing antibodies against 
rabbit brain were first observed on the 20th 
day after injection, a slight decrease in titer 
was seen on the 27 th, and no antibodies were 
demonstrable bn the 41st day- Against hu- 
man brain, antibodies ivere observed at about 
the same time as antibodies against rabbit 
brain, but the titer of the former was much 
lower. No antibodies fixing guinea pig brain 
were detected at any time after inoculation. 
In animals injected wuth two human-brain 
fractions, as described under item 3, no anti- 
bodies against nonfractionated human brain 
and guinea-pig brain antigens were detected 
on the 13th day after injection, but 2 weeks 
later almost all of the guinea-pig sera showed 
titers ranging from 1 :4 to 1 :32 against human- 
brain antigen and slightly lower titers against 
guinea-pig brain antigen. 

From the foregoing it seems reasonable to 
consider the appearance of complement-fixing 
antibodies as a constant phenomenon in guinea 
pigs injected ivith brain substance incorporat- 
ed into adjuvants. This is in contrast to 
some previous studies in which inoculation of 
adjuvant-brain emulsions into guinea pigs 
failed to elicit antibodies,^- or their presence 
was demonstrable only in 1 of 3 animals.^ 
These antibodies are apparently not species- 
specific. The addition of acid fast bacilli to 
the emulsion of brain tissue definitely en- 
hances formation of antibodies and broadens 

i^Kopeloff, L. M., and Kopeloff, N., J, Im- 
munol, 1947, o7, 229. 
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their immunological pattern, but apparently 
it is not an indispensable factor. The forma- 
tion of antibrain antibodies was described by 
several groups of investigators^'"^^^® who used 
as antigen brain tissue without adjuvants. 
However, inclusion of adjuvants in the inocu- 
lum seemed to facilitate the formation of anti- 
bodies.^" The lack of any significant relation 
between the clinical status of the animal and 
the level of antibrain predpitins was noted 
also by Kopeloff and Kopeloff^- in rabbits. 

(b) Antibrain antibodies were determined 
in animals first injected subcutaneously and 
then intracerebrally, as described under item 
4. In almost all, the titers of antibrain anti- 
bodies obtained after -the subcutaneous inocu- 
lation showed an increase folloiving the intra- 
cerebral inoculation. However, there ap- 
peared to be no correlation between the clin- 
ical status of the animals and the level of 
antibodies before and after the intracerebral 
inoculation. Guinea pigs which had shown 
no antibrain antibodies after the subcutaneous 
inoculation \vith guinea pig brain, did develop 
antibodies following the intracerebral inocula- 
tion of the same antigen. A rise in antibody 
level after intracerebral injection was noted 
also in those animals which had been injected 
subcutaneously with rabbit brain suspension 
combined with adjuvants but without Myco- 
bacterhm tuberculosis. In the control experi- 
ments, no complement-fixing antibodies were 
detected in 10 nonsensitized guinea pigs 
inoculated intracerebrally with O.I ml of 10% 
rabbit-brain suspension. 

These serological findings, although not 
directly related to the clinical status of the 
animal, may be correlated with the patho- 
logical data reported above, which indicate 
that the difference in the histopathological 
lesions observed in sensitized guinea pigs that 
died or survived after the intracerebral inocu- 

lawitebsky, E,, aud Steinfeld, J., Z. f. 
munitdtsf, tf. JExp. Therap.) 1928, 58, 2/1. 

H Lewis, J. H., «/. 2 tntnunoUf 1933, J34, 193. 

13 Schwentker, F. F., and Eivers, T. M., J. Exp. 
Metl, 1934, <50, 559. 

KJ Bailey, G. H., and Gardner, R. B., J. Exp. 
Med., 1940, 72, 499. 

n Kopeloff, L. -At, and Kopeloff, K., J- im- 
inniU)h, 1944, 48, 297. 


lation was one of degree rather than quality. 
Possibly the increase in titer of antibrain 
antibodies is due to the release in the previ-. 
ously sensitized animal of small, amounts of 
antigen from the brain tissue as a result of 
some microscopic injury suffered at the time 
of the intracerebral inoculation. However, 
this latter hypothesis requires further experi- 
mentation before any conclusions are war- 
ranted. The intracerebral “challenge” tech- 
nic of previously sensitized guinea pigs, de- 
scribed above, may prove of value in the 
investigation of allergenic or paralitogenic 
properties of normal brain tissue or its frac- 
tions. This technic may be further broad- 
ened by injecting either non-fractionated 
homologous brain tissue, or purified fractions 
of the brain substance into animals previous- 
ly sensitized by the subcutaneous route. 
Clinical observations of the animals, coupled 
with serological study, may throw additional 
light on the puzzling phenomenon of the aller- 
genic properties of brain tissue. 

In the discussions of the various aspects of 
the experiments reported above, reference to 
any possible application of the findings to 
human pathological conditions has been pur- 
posely avoided. Further experimental work 
is essential before one is justified to draw any 
conclusions applicable to conditions observed 
in human subjects, which could be attributed 
to the allergenic properties of brain tissue. 

Summary. Allergic encephalitis in guinea 
pigs was produced by inoculation of brain tis- 
sue derived from 5 different mammalian spe- 
cies. Dilutions of phenolized rabies vaccines 
combined with adjuvants also caused paraly- 
sis of the inoculated animals. The majority of 
the guinea pigs previously sensitized by sub- 
cutaneous injection of brain tissue incorpor- 
ated into adjuvants died after the intracere- 
bral inoculation of homologous brain tissue 
(but not when brain tissue of cavian origin 
was used). Pathologic changes observed in 
the animals were described. Complement-fix- 
ing antibrain antibodies were found in sera of 
guinea pigs inoculated subcutaneously with 
brain tissue. Intracerebral reinoculation of 
these animals usually resulted in the rise of 
titer of the humoral antibrain antibodies.. 
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Bactericidal Action of Streptomycin-Penicillin Mixtures Ih vitro* 
Anna C. Nichols, (Introduced by I. S. Ravdin.) 

From llie garrison Department of Surgical Desearcli, Schools of Medicine, University of 

Pennsylvania, Philadelphia, 


Studies were carried out in order to deter- 
mine whether streptomycin and penicillin in 
combination were synergistic in their bac- 
tericidal action against 4 common organisms. 
Synergism is defined for the purpose of this 
paper as a cooperative action greater than 
Avould be predicted were the action of the 
agents mathematically additive. 

Methods, On the basis of preliminary 
experiments, all media were adjusted to a 
sodium chloride concentration of 0.25% and 
to a pH of 7.6. All tests were performed in 
beef infusion broth (Difco) containing 1% 
neopeptone. The bacteria were grown at 
37° C and a 6-hour culture was diluted so as 
to contain approximately 500,000 bacteria 
per/ml of media. One ml of this dilution was 
used as the inoculum. 

Test organisms were Staphylococcus aureiis 
Oxford H, Staphylococcus aureus No. 209, 
Staphylococcus aureus SM, and Streptococcus 
hemolytkns C-203 !MV. All organisms were 
tested separately for susceptibility to peni- 
cillin and streptomycin. Titration of peni- 
cillin was made in 2 ml of medium and 1 ml 
of standard inoculum was added. The cul- 
tures were inoculated at 37°C. Readings 
were made at 24 hours compared with a bac- 
terial control and subcultures were made of 
each tube to blood agar to determine the 
presence of growth. Streptomycin titrations 
were made in the same manner. This method 
determined the minimum lethal concentration 
of penicillin and of streptomycin for each 
organism. In each instance it was also deter- 
mined that growth did occur in concentrations 
of 75% or more of this minimum lethal con- 
centration. 

Using the minimum lethal concentration as 
a guide, titrations of the combined antibiotics 
were set up. A penicillin titration was made 
to which varying amounts of streptomycin 
were added. Penicillin, streptomycin, and 



PenlciUi-n, %iriUC. 

(kuc* q-z units/ ml) 

Fig. 1. 

Staphylococcus aureus Oxford H. 

bacterial controls were set up with each titra- 
tion. Subcultures were made to blood agar 
and compared with subcultures of the anti- 
biotic control. 

Experimental Results. Fig. 1 is a typical 
graph for Staphylococcus aureus Oxford H. 
The minimum lethal concentration of peni- 
cillin was 0.2 unit per ml and for strepto- 
mycin was 1.3 units per mi. The diagonal 
line represents bactericidal combinations of 
penicillin and streptomycin which should be 
bactericidal if these two antibiotics were addi- 
tive in their effect. For an}'” given concen- 
tration of penicillin, the value representing 
the smallest amount of streptomycin which 
rendered the mixture bactericidal is plotted on 
the graph as a circle. For instance in this 
case, when the dose of penicillin was reduced 
to 16% M.L.C., the mixture was bactericidal 
when 25% IM.L.C. of streptomycin was 
present. 

In Table I are presented the results of 
similar studies on three strains of staphylo- 
cocci and one strain of streptococci. 
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TABLE I. 


Bactericidal Combmatious of Peiiicillia and Streptomycin for Tarious Pure Cultures. 

Organism 

% M.L.C.* 
Streptomycin 

% M.L.O.^ 
Penicillin 

Sum 

Hemolytic streptococcus C-203 MV 

5.6 

50.7 

56.3 

10.0 

25.3 

35.3 


14.3 

23.0 

37,3 


28.7 

15.3 

44.0 


43.4 

5.0 

48.4 


50.5 

2.0 

59,0 

Staphylococcus aureus Ho. 209 

11.0 

76.0 

87.0 

13.0 

61.0 

74.0 


14.0 

50.0 

64.0 


28.0 

38.0 

6G.0 


43.0 

25.0 

68,0 


56.0 

12.0 

6S.I) 

Staphylococcus aureus Oxford H 

15,3 

20.0 

50.0 

33.0 

- 65.3 
o3.0 


25.3 

16.0 

41,3 


50.7 

10.0 

60,7 

Staphylococcus aureus 

10.0 

15.3 

76.1 

50.7 

86.1 

66.0 


25.3 

20.0 

45.3 


76.1 

10.0 

86.1 

Staphylococcus aurcifs SM 

10.0 

15.3 

25.3 

50.7 

76.1 

25.3 

20.0 

15.3 

S6.1 

40.6 

45.0 

66.0 

Staphylococcus aureus SM 

10.0 

15.3 

25.3 

50.7 

25.3 

20.0 

60.7 

40.6 

45.3 


50.7 

76.1 

15.3 

10.0 

66.0 

86,1 


* M-L-C. Minimum Lethal Concentration, of each antibiotic 
ism determined to within 25% (i.e., the organisms are knonm to grow at iSyc M.L.O. oi lug ) 


Summary. Under the experimental condi- tomycin upon staphylococci and strep ococ 
tions used, definite synergism was noted in in vitro. 
the bactericidal action of penicillin and strep- 
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Sospital Seseareh Foundation, department of Pediatries, 
Coilef/e of :Medicinc, 


t/ttivcrsitif of 


Studies carried out by one of us (A. B. S.) 
since 1944 have established the fact that sev- 
e aUn munologically distinct but related types 
of virus are responsible for the chmcal y 
typical and atypical forms of dengue. Since 


the adaptation of dengue virus to mice,* Sabin 
and Schlesinger found that the neutralizing 
antibodies which developed following infec- 
tion were so highly type-specific, that by 
means of the neutralization test* in mice one 
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could not diagnose infections caused by heter- 
ologous immunological types of virus which 
have not as yet been propagated successfully 
in mice. Continuous serial, intracerebral 
passage in mice has increased the titer of our 
Hawaii strain of virus from 10"^ to about lO"'" 
or 10^, and following intracerebral passage in 
3- to 4-day-old mice (a procedure suggested 
by Dr. Gordon Meiklejohn) titers of lO'* to 
10-3 CQuld be achieved. Satisfactory comple- 
ment-fixing (C-F) antigens could be prepared 
from the brains of mice which were either 3 to 
7 days old or approximately 14 days old at 
the time of inoculation with virus of highest 
titer (0.03 X 10-‘-0.03 X 10^) which could 
be obtained only from the younger suckling 
mice. Comparative tests on aliquot portions 
of 20% aqueous extracts of the infected mouse 
brains revealed that antigen prepared by 
benzene extraction of the lyophilized mate- 
rials*^ rvas no more potent as regards the 
number of antigenic units or the titer obtained 
with dengue antisera than that prepared only 
by centrifugation at 13,000 r.p.m. in the cold 
(Type SS-1 Swedish angle centrifuge — Sor- 
vall), and both were equally effective in 
increasing the titer of complement. The 20% 
mouse brain suspension prepared by inocula- 
tion of 3- to 7-day-old mice contained 16 to 
32 units of antigen per 0.25 ml as compared 
with 4 units (with two exceptions when it 
was only 1 unit and one when it was 8 units) 
for the similar suspension prepared in a sim- 
ilar manner from approximately 14-day-old 


* This investigation vras aided by the Commis- 
sion on Virus and Rickettsial Diseases, Army 
Epidemiological Board, Office of Tbe Surgeon 
General, Department of Tlie Army. 

t Lt.. Medical Corps, A.U.S., on active duty. 

1 Sabin, A. B., in Viral and Rickettsial Infec- 
tions of Man, edited by T. M. Rivers, J. B. Lip- 
pincott Co., Philadelpbia, 19-18. 

2 Sabin, A, B,, and Sclilesinger, R. VT., Science, 
1915, 101, GIO. 

3 Sabin. A. B., Diagnostic Procedures for Virus 
and Rickettsial Diseases, Am. Pub. Ilealtli Assn., 
1948, 2S9-203. 

DeBoer, C. J., and Cox, 11. R., J. ImmunoL, 
1947, 55, 193. 

5 Espana, C., and Hammon, W. McD., J. Im- 
mwHoL, 1048, 59, 31. 


mice. Almost all the work to be reported was 
carried out with benzene extracted antigens 
(containing 4 units), which, however, also 
had to be centrifuged at 13,000 r.p.m. for 
1 hour to remove all the anticomplementary 
properties. The tests were set up in the usual 
manner, using 2 exact units of complement, 
and incubation for 16 to 20 hours in a refrig- 
erator at about 5°C. The titers represent 
the highest original dilution of a serum, i.e., 
before addition to the mixture, which yielded 
at least 2-plus fixation. Similarly prepared 
extracts from normal mouse brains were used 
as controls in all the tests. 

Results, (1) Human volunteers, rhesus 
monkeys, and chimpanzees^ inoculated with 
the homologous Hawaii strain of the human 
virus, or with immunologically identical 
hitman strains, developed C-F antibodies 
which reached peak titers of 1:64 to 1:256 
within 2 to 6 weeks. These antibodies have 
been found to persist in high titer for many 
months, and in human volunteers, residing 
in dengue-free regions of the U. S. A., titers 
of 1:4 to 1:128 have been found 38 months 
after infection, and titers of 1:4 to 1:16 as 
long as 52 months* after infection, the longest 
period tested. 

(2) Human volunteers inoculated with 
immunologically distinct strains of human 
dengue virus, who developed little or no neu- 
tralizing antibodies for the Hawaii virus, ^ 
nevertheless, developed C-F antibodies in 
titers no higher than 1:16; however, 6 months 
after inoculation these antibodies were not 
demonstrable in serum dilutions of 1:4 in 
some of the individuals tested. 

(3) Rhesus monkeys inoculated with im- 
munologically distinct strains of human dengue 
virus, which developed little or no neutraliz- 
ing antibodies for the Hawaii virus, neverthe- 
less developed C-F antibodies in titers as high 
as 1:512; however, the fixation was not com- 
plete (i.e,, only 2- to 3 -plus) even in the low- 
est dilutions of such sera, suggesting that only 
about 1 unit of the serologically related com- 
ponent was present in the antigens used. 
Furthermore, in some of the monke\^ tested, 

cpaul, J. R., 2ileluick, J. L., aud Sabin, A. B., 
Paoc. Soc. Exp. Biol, and Med., 19 4S, 08, 193. 
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thus far, these antibodies disappeared as early 
as 6 to 10 weeks after inoculation. 

(4) Rhesus monkeys inoculated intracere- 
. brally with the homologous mouse-adapted 
Hawaii virus, developed C-F antibodies in 
titers as low as 1:16 which in some monkeys 
disappeared as early as 6 weeks after inocula- 
tion, although' neutralidng antibodies in high 
titer persisted for many months. 

(5) Human volunteers inoculated with 
dengue vaccine, consisting of the living mouse- 
adapted Hawaii virus, who developed neutral- 
ising antibodies and resisted infection with 
the unmodified, human virus^*^ faded to de- 
velop C-F antibodies. 

(6) Sera obtained from individuals 2 years 
after a natural attack of dengue in Hawaii 
or Japan, which neutralized the Hawaii virus 
in high titer, also fixed complement in titers 
of 1:16 to 1:64. Positive results also have 
been obtained with sera of individuals who 
had dengue in Singapore, Java, and New 
Guinea. 

(7) Sera collected from American marines, 

7 Sabin, A, B., and Sdilesinger, B. W., un- 
published studies. 


11 months after a single, primary natural 
attack of dengue on Guam, gave positive C-F 
tests in titers of 1:2 to 1:8 with the Hawaii 
antigen, although they had no significant 
neutralizing antibodies'^ for this virus.t 

(8) Human volunteers infected with phle- 
botomus (pappataci, sandfly) fever vims 
developed no C-F antibodies for the dengue 
antigen. 

(9) Rhesus monkeys which had no C-F 
antibodies for dengue 7 weeks after inocula- 
tion with the French neurotropic yellow fever 
virus, developed such antibodies in titers of 
1:4 to 1:32, 8 to 10 days after a large booster 
dose of either the Asibi viscerotropic or 
French neurotropic strains of yellow fever 
virus. ^ These results indicate an antigenic, 
if not an immunogenic,^ relationship between 
the viruses of yellow fever and dengue. 

t Wc are indebted to Brs. B. B. Shope aiid 
Horace Hodes, at the time serving with the U. S. 
Naval Hedical Bescarch Unit No. 3, for obtaiuiag, 
lyophiliziijg and forwarding these sera in 1045. 

^ We are indebted to JDr. Hax Tlzeiler, of the 
International Health Division of the Bockefeller 
Foundation, for the sera from these monkeys. 
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Influence of Choline, Cystine and Methionine on Toxic Effects of Pyridine 
and Certain Related Compounds, 


Roe AND A. Coulson and Fred G. Brazda. 

(With the technical assistance of Lucy C. Gremillion.) 

Prom the Department of Biochemisiry, Louisiana State University School of Medicine, Aeic 

Orleans. La. 


In a study of the pharmacological effects 
produced by the ingestion of various pyridine 
derivatives by the rat^-- pyridine and coraraine 
(nikethamide) were found to be the most 
active from the standpoint of the production 
of marked changes in liver size and com- 
position. Coramine produced a great increase 
in liver weight without causing very much 
damage to the liver or modifying its composi- 
tion. Pyridine has proved to be somewhat 
more toxic than many of its derivatives^*^ 
and it must be included in the list of sub- 


stances known to produce severe liver and 
kidney damage.^*^ Methionine and cystine 
have been shown to have some liver protective 

1 Coulsoji, B. A., and F, O., PkoC. SoC. 

Exf. Biol, axd Med., 1947, 05, 1. 

2 Brazda, F. G., and Coulson, R. A., l^ROC. Soc- 
Exp. Bide. ani> Hep., 1948, 07, 37. 

3Brazda, F. G., and Coulson, K. A., Puoc. Soc. 
Exp. Bior^. axd Hep., 1940, Oti, 19. 

•1 Baxter, J. H., Broc. Jm. Fed. Clin, Research, 
1945, 3, 77. 

3 Baxter, J. II,, Anu J. Path., 194S, 34, .503. 
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action when included in the diet of rats receiv- 
ing pjTridine.'*’^ 

This report deals with the quantitative 
effects of the daily Ingestion of pyridine or 
several heterocyclic compounds belonging to 
the quinoline series. The influence of various 
liver protective agents is also reported. 

ExperhnetUaL The experimental animals 
consisted of equal numbers of male and female 
rats from our stock colony. The rats were 
placed on the test or control diets a few days 
after weaning. The basal diet had the same 
composition as that used for the coramine 
studies.- This diet consisted of 25^^? casein, 
SS^c starch, 15% cottonseed oil and 5% salts. 
Five hundred ml of boiling water were added 
to each kg of dry diet. Each rat was given 
one ml of brewer’s yeast extract a day and 
3 drops of Percomorph oil a week. 

The livers and kidneys were removed, 
weighed, and a small section was saved for 
histological examination. The livers were 
dried m vacuo and fat and water contents 
were determined as described by Brazda and 
Coulson.- Every effort was made to obtain 
the livers and kidneys for analysis from rats 
that had become moribund and had succumbed 
to the effect of the more toxic diets. Results 
obtained from these animals were so nearly 
alike regardless of the length of time the 
animals were on the diet that the data of all 
the moribund rats in a given experiment were 
gathered together into one group. In order to 
eliminate the effects of postmortem changes 
in the composition of the liver the tables pre- 
sented do not include the results from any 
animal that had been dead for over 10 min- 
utes. Records were kept of the grovsTh rate, 
the food consumption, and length of life of 
the experimental animals. 

In all, about 1200 rats were placed on diets 
containing pyridine or quinoline (in the form 
of acetates) to which various supplements 
suspected of being liver protective were added. 
Each rat received a fresh lump of the experi- 
mental diet each day and any diet left over 
from the previous day was discarded. The 
animals were weighed at the beginning of the 

C Baxter, J. H., J, CHn, /Hir.sf., (Proc.). 3940, 
25, 90S. 


experiment and at the time of death or at the 
time they were killed for autopsy. In all cases 
the experiments were concluded at 28 days. 
The experiments were conducted at an average 
temperature of about 75 ®F. As the season 
progressed the animals were removed to a 
room where the temperature was maintained 
at 76°F and the relative humidity at 50%. 

Pyridine Series, Each group contained 70 
rats, one female and one male from each of 
35 litters. As far as was possible each litter 
contributed rats to 3 experimental groups. 
Group I received a diet which contained 0.6% 
pyridine; group II 0.6% pyridine plus 0.5% 
choline; group III 0.6% pyridine plus 1% 
cystine; group IV 0.6% pyridine plus 1.2% 
methionine; group V 0.6% pyridine plus 
0.6% beta picoline; and group VI 0.6% pyri- 
dine plus 1-0% nicotinamide. In spite of 
the unpleasant odor of the diet the rats ate 
it willingly. There was no great difference in 
either food consumption or growth rate in the 
first 4 -groups. The addition of beta-picoline 
or nicotinamide greatly reduced food intake 
which in turn reduced the growth rate. Two 
other pyridine groups were set up to deter- 
mine the reproducibility of the survival curves. 
These groups are not included in Table I 
since there was no significant variation in the 
shape or the absolute area contained within 
the curve and hence it was concluded that 70 
rats were sufficient for testing the effect of 
pyridine on survival. 

The results are summarized in Fig. 1. Prob- 
ably the best index of the relative survival 
time is obtained by comparing the respective 
areas under the curves. Considering a control 
curve to have an area of lOCX), then the pyri- 
dine curve has an area of 348, the pyridine 
plus choline 465, the pyridine plus cystine 
706, and pyridine plus methionine 773. It is 
apparent that methionine and cystine are far 
more effective in prolonging the life of the 
experimental animals than choline in spite of 
the fact that choline is known to be a lipo- 
tropic compound whereas cystine is ineffective 
in this respect. These results are in agree- 
ment with those reported by Baxter.^ The 
survival curves of the groups receiving sup- 
plements of beta-picoUne or nicotinamide in 
addition to the pyridine are not included in 
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Time in days. 

Pig. 1. 

Survival of Eats on Pj^ridine Diets. P = 0.6% pyridine; P -p CJi 
0.6% pyridine plus 0.5% choline; P -f Cy = 0.6% pyridine plus 2.0% 
cystine; P -f M = 0,6% pyridine plus 1.2% methionine. 


Fig. 1. Both groups of animais ate much Jess 
and grew at a correspondingly lower rate 
which introduced the factor of food consump- 
tion. The area under the curves was greater 
than that found in the pyridine or pyridine 
and choline groups but much less than that 
found in the pyridine and cystine or pyridine 
and methionine groups. Paired feeding 
experiments are necessary to evaluate the 
influence of these two compounds since a 
decreased food intake means a correspond- 
ingly decreased intake of pyridine. 

Table I presents the results of the liver 
analyses for the 6 groups of 70 rats each and 
for 10 rats which were fed piperidine, the 
reduced derivative of pyridine. The table 


may be summarized by stating that all of the 
rats in the pyridine experiments had marked 
liver enlargement. Without exception the 
moribund rats had livers which were larger 
than those of the sacrificed animals and which 
had a greatly decreased solid content. There 
are no significant differences in the growth 
rate of the animals receiving pyridine alone 
of those receiving additional supplements of 
choline or methionine. The cystine series 
grew at a rate somewhat below that of the 
others. Although the food intake and the 
growth rate paralleled each other rather closely 
both were subject to considerable individual 
variation. 

The average fat contents of the pyridine 
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TABLE II. 

Effect of Injection of a Lethal Bose of Pyndiae 6n the Water Content of t\\e Hat Liver. 

, Liver wt as <^c 

body wt 

Biual / — ^ Liver fat, Liver % solids, 


Group 

No. rats 

wt avg 

Avg 

P.E. 

% dry wt 

avg 

Experimental 

IS 

49.5 

4.90 

±0.11 

8.66 

25.40 

Controls 

IS 

57.6 

4.78 

±0.17 

14.02 

32.00 


and pyridine plus cystine groups are slightly 
higher than those of the* groups receiving the- 
lipotropic factors choline or methionine. The 
high protein diet is instrumental in preventing 
an excessive accumulation of fat in the livers 
of all groups. Piperidine had no noticeable 
effect on the liver although it did decrease 
food intake and growth rate. 

Nine males and 9 female rats whose average 
age was 25 days were injected subcutaneously 
with pyridine in amounts that were calculated 
to be 3 times the LD^o*^ These animals died 
in from 1 to 4 hours and the livers were 
removed, analyzed, and a piece was saved for 
histological study. The results appear in 
Table II. No significant liver enlargement 
was noted although 'the livers did show an 
increase in the average water content. The 
solid content was still considerably above the 
solid content found for the moribund group in 
Table I. In general the picture presented by 
the group injected with lethal doses of pyri- 
dine is quite different from that of the rats 
which were fed pyridine. It is probable these 
animals died from respiratory paralysis rather 
than from liver failure. 

Quinoline Series. The survival curves found 
in Fig. 2 were obtained in the same manner 
as those of the pyridine experiments. Quino- 
line was used at a dietary level of 1% which 
is equivalent to 0.6% pyridine. If the control 
curve is given an arbitrary value of 1000 the 
relative area under the methionine curve is 
812, the cystine is 745, the choline is 648, and 
the quinoline alone is 535. The fact that 
the relative order of effectiveness of the hver 
protective compounds is the same as in the 
pyridine groups suggests that the same mech- 
anism is involved in both experiments. 
]\Iethionine is again somewhat superior to 
evstine. Since the addition of choline does 
prolong the life of the quinoline rats it is 
probable that the slight difference betneen 


the pyridine and pyridine and choline groups 
in Fig. I is significant. 

The results of the liver analyses ate pre- 
sented in Table III. The livers are very 
greatly enlarged in all 4 groups, approaching 
one-seventh of the total body weight. 
Although none of the rats presented in this 
table were moribund, the values for the liver 
solid content of the quinoline and the quino- 
line and choline groups closely resemble the 
figures obtained from the moribund rats of 
the pyridine groups. Without resort to histo- 
logical examination it is apparent that cystine 
•and methionine retard or prevent the hydra- 
tion of the livers. 

In the pyridine series it was observed that 
neither methionine nor cystine had any bene- 
ficial effect on the rate of growth of the ani- 
mals on the diet reported in this paper. Quin- 
oline alone retards the growth rate seriously 
and the addition of choline does not prevent 
this retardation. However the inclusion of 
either cystine or methionine increases the 
growth rate of the animals in a dramatic 
fashion. In the entire series of rats receiving 
quinoline with or without choline not one rat 
gained weight over the 28-day period. Of 
the 99 rats receiving quinoline plus cystine or 
methionine which survived long enough to be 
autopsied only 2 failed to gain wight. The 
growth rate was commensurate with the food 
intake which means that although those rats 
which received cystine or methionine ingested 
more quinoline, they remained in better health 
and lived longer than those of the other two 
groups. 

A number of animals that had become mori- 
bund after eating diets which contained quino- 
line were examined immediately after death. 
It ivas not possible to obtain enough of these 
for the results to be of statistical significance. 
Those animals that died in the first few da}s 
had eaten so little of the diet that starvation 






T\me in day's. 


Fig. 2. 

Surrival of Fats on Quiaoline Diets. Q = 1.09^? quinoline; Q + Cli ^ 

1.09c quiuoUiie plus 0.5% choline; Q + Cy = 1.0% quinoline plus 1.0% 
cystine; Q M rr 1.0% quinoline plus 1.2% methionine. 

probably contributed to a large extent to methochioride proved to be extremely toxic 
their death. In spite of this, gravimetric at a dietary level of 1.39^ which is equiva- 
analyses of the livers of these few moribund lent to a 1% quinoline level. Seven of the 
rats gave results which were similar to those 10 rats died in less than a week; the other 3 

from the moribund animals of the pyridine were arbitrarily killed at 7 daj'S and examined, 

groups. The very great increase in the liver The livers were normal in every respect and 

weight of the sacrificed rats in the quinoline the experiments with this compound were not 

and quinoline and choline groups reported in continued. 

Table III indicates that all of these experi- Isoquinoline at a level of of the diet 
mental animals ate enough of the diet to pro- was also very toxic. Of the 20 rats that were 

duce liver damage. fed this substance only 7 remained alive at 5 

On the basis of Uie theory that the tertiary days. These 7 had livers which were hydrated 

nitrogen of quinoline is responsible for its to some extent although the degree of the liver 

action on the liver, quinoline was methylated enlargement was not marked. Isoquinolme 

to quinoline methochioride and this derivative methochioride was as toxic as isoquinoline but 

was fed to 5 male and 5 female rats. The it produced no noticeable effect on liver size 
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TABLE m. 

Effect of CboUnCy Cystine, or Methionine ou Livers of Bats Becelving Qui»oImo. 



Ko. 

rats 

N'o. 

days 

Liver wt as % 
body wt 

Liver fat, 
% dry wt 

Liver % 
solids, 
avg 

Gain in nt, 
g/day 

Group 

r 

Avg 

RE.' 

1,0% quinoline 

18 

28 

11.27 

±0.24 

11.C2 

24,10 

—0.40 

1.0% quinoline 

0.5% choline 

28 

28 

14.69 

±0.10 

18.21 

25.92 

—0.63 

1,0% quinoline 
+ 1.0% cystine 

47 

28 

14.49 

±0.13 

14.49 

29.69 

-fO.39 

1,0% quinoline 

4- 1.2% methionine 

52 

28 

11.09 

±0.10 

11.15 

28,55 

4-0.36 


or composition. 

Histological Appearance of the Livers, The 
ingestion of pyridine causes the production of 
cirrhosis or more commonly necrosis or both 
in the young rat. This is in agreement with 
results recently reported by Baxter,® On his- 
tological examination the livers of the mori- 
bund rats appeared to be hydrated and showed 
many small irregular vacuoles which were 
similar to those described by Trowell J Gravi- 
metric analyses of the whole livers, which usu- 
ally reveal more information than does micro- 
scopic examination of small sections, clearly 
showed not only the presence of extra water 
but also the magnitude of its increase. In 
animals that died during the experiments with 
pyridine the histological picture of the livers 
was the same regardless of the presence or 
absence of a liver-protective supplement. The 
apparently healthy rats that were killed arbi- 
trarily at different time intervals had livers 
which showed little damage. It would appear, 
therefore, that the development of severe 
necrosis following the ingestion of pyridine 
requires a relatively short period of time. 
Damage to the kidney is roughly but not 
absolutely proportional to the damage to the 
liver. Although many cases of kidney damage 
were seen few of these were severe enough 
to be considered as the primary cause of death 
and it was concluded that most of those 
animals that died from the ingestion of pyri- 
dine died from liver failure. Further evidence 
that liver failure was the cau^ of death may 
be obtained from consideration of the fact 
that all of the moribund rats had livers which 
were very severely damaged as shown by 
gravimetric analysis. T he injection of letha 


doses of pyridine into young rats had no 
ei^ect on the histological appearance of the 
livers. 

The animals of the quinoline series had 
livers which were more nearly normal than 
those in the pyridine groups as far as the 
microscopic picture was concerned. Although 
the cells were swollen and some small areas 
of necrosis were seen the overall appearance 
of the liver was not suggestive of marked 
damage. The percentage liver weights were 
from 2 to lyi times the control weights, yet 
the extent and nature of the enlargement was 
not apparent from the slides. It is by no 
means certain that rats which died while 
receiving quinoline in the diet died of liver 
failure. 

Discussion, The survival curves are useful 
in determining the toxic effects of compounds 
of the pyridine or quinoline nucleus and the 
influence of certain agents that reduce the 
toxicity of these substances. The sulfur con- 
taining aminoacids, methionine and cystine, 
are superior to choline in preventing liver 
damage. The fact that cystine is a good pro- 
tective agent suggests that transmethylation 
is probably not involved in this protection 
since there is no evidence that cystine can 
contribute anything to methylation of the ring 
nitrogen as a means of detoxication. Although 
pyridine and quinoline may be methylated by 
the rat there is still no conclusive evidence 
that this is the case.^ It is possible that the 
sulfur-containing compounds are involved in 
the detoxication of quinoline and pyridine m 
a manner as yet unknown. 

TrowelF has reported that intact rats whose 
livers have been subjected to procedures de- 
signed to produce anoxia without re<Juction 
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of the intrasinusoidal pressure develop watery 
vacuoles in this organ. Inasmuch as the liver 
in a rat dying from effects of pyridine be- 
comes hydrated, especially during the last 
hours of life, it seems logical to assume that 
this is due basically to a decrease in the rate 
of oxidation in the cells. 

Summary. Pyridine alone or pjoridine sup- 
plemented wth either choline, cystine, methi- 
onine, nicotinamide or beta-picoline was fed 
to young rats on a high protein diet. Livers 
from rats dying from the effects of pyridine 
are enlarged and always exhibit a marked 


increase in water content. Livers from appar- 
ently healthy animals which have been on a 
pyridine diet show a nearly normal water con- 
tent and are enlarged. Cystine and methio- 
nine afford protection against the effects of 
pyridine. The feeding of quinoline alone or 
quinoline supplemented with either choline, 
cystine, or methionine produced enlarged 
livers. Cystine and methionine increased sur- 
vival time. Choline showed some protective 
effect. Cystine or methionine prevented the 
accumulation of water in the livers of rats fed 
quinoline. Choline had no effect. 
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Quantitative Detection of Minute Concentrations of Digitoxin.^ 

Rene Bine, Jk. and Meyer Friedman. 

From BaroU Brunii Institute, lfou7it Zion Eospital, San Francisco, Calif. 


The detection of a digitalis glycoside, Lana- 
toside C, in various media 63^ means of the 
embryonic duck heart preparation has been 
reported in previous studies.^*^ It was found 
in these same studies that not only could ex- 
tremel3' minute amounts of the gl37C03ide (less 
than 0.1 pg per cc) be detected by this 
preparation, but also quantitative estimations 
of the actual amount of glycoside in Tyrode's 
solution or serum could be determined. 

However, the sensitivity of the embryonic 
duck heart to the digitalis glucoslde, digitoxin, 
had not been determined. Accordingly, 
studies were made of the eSect of various 
concentrations of digitoxin upon the duck 
heart immersed in (1) Tyrodes solution, (2) 
rat serum, and (3) human serum. The 
method of quantitation employed was the 

* Aided by grants from the Life Insurance 
3Iedical Eesearch Fund, The Public Health Service 
and The Sandoz Chemical Works. 

1 Friedman, il., and Bine, R., Jr., Pboc. SoC. 
Esp. Biou AXD ^Led., 194:7, 04, 102. 

2 Friedman, M., and Bine, R., Jr., Am. J. Ifed. 
Scl., 1947, 214, 633. 

3 Bine, R., Jr., and Friedman, M., Am. J. JfeJ. 
5ci., 194S, 210, 534. 


same as that described previously It was 
found that the embry^onic duck heart was 
not only extraordinarily sensitive to minute 
quantities of digitoxin but also offered a 
means whereby the concentration of digitoxin 
could be asse^ed in a quantitative fashion. 

Results. As Table I demonstrates, the em- 
bryonic heart preparation was able to detect 
the presence of 0.005 ftg of digitoxin in one cc 
of Tyrode’s solution. Aloreover, with increas- 
ing concentrations of the drug, there was a 
progressive reduction in the time taken for 
the occurrence of the digitalis effect. 

The action of digitoxin in rat serum was 
found to be much less effective than in Ty- 
rodeos solution. Thus (Table I) only quanti- 
ties of 0.2 /ig or more of digitoxin per cc could 
be detected. Human serum was even more 
inhibitory (Table I) in that only quantities 
of 0.60 /ig or more of digitoxin per cc could be 
detected. This action of serum upon the ac- 
tion of digitoxin also has been demonstrated 
by previous observ’ers."^'^ Lanatoside C, how- 

-i Fawaz, G., and Farah, A., J. I*harm. and JExp. 
Therap., 1944, 80, 193. 

5 Suter, E., Eelvet. EliysioJ. et Rharmacol. Acta^ 
1944, 2, 2. 
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TABLE L 

The Detection of Dlgitosln iu (1) Tyrodo^s Solution, (2) Kat S^erum, and (3) Human Serum by the 

Embryonic Duck. Heart Preparation. 



Tyrode's solution 



Bat serum 


Human serum 



Avg. 

Stand, 


Avg. 

Stand. 

V 

’ Avg. 

Stand. 

V 


time 

error 


timo 

error 


time 

error 


Cone, of 

“dig. 

of 


"dig. 

of 


“dig. 

of 


digitoxin 

effect" 

mean 

No. 

effect" 

mean 

No. 

effect” 

mean 

No. 

(jug/cc) 

(min.) 

(min.) 

hts. 

(min.) 

(min.) 

hts. 

(min.) 

(min.) 

hts. 

.001 

ND 


10 

ND 


12 

ND 


10 

.005 

48 

3.0 

15 

ND 


10 

ND 


10 

.010 

41 

1.6 

21 

ND 


10 

ND 


10 

.05 

23 

1.5 

33 

ND 


10 

ND 


10 

.10 

12 

0,8 

20 

ND 


10 

ND 


10 

,20 

— 

. — 

— 

G2 

1.3 

IS 

ND 


13 

,40 

— 

, — 

, — 

38 

1.7 

18 

ND 


15 

.60 

6 

0.2 

20 

24 

0.5 

36 

49 

2.0 

23 

.80 

— 

, — 

— 

21 

0.8 

20 

34 

1.0 

24 

1.00 

4 

0.2 

29 

11 

0.4 

22 

21 

1.1 

28 


ND indicates that no glycoside could be detected by occurrence of ''digitalis effect'' in embryonic 


heart preparation. 

ever^ was not found^ to be inhibited similarly Tyrode^s solution and in rat and human serum 
by serum. was found to be possible by means of the 

Condusiofis, L Quantitative assay of embryonic duck heart preparation, 
extremely minute amounts of digitoxin in 
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Peculiar Enlargement of Eyeballs in Chicks Caused by Feeding a Hi^h 

Level of Glycine."*^ 


A. C. GsoscHKE^t J« 0* Anderson, and G. M. Briggs J 

From the Department of Foultry I[iis})andryy U^iiversity of Maryland, College Parh, Ud. 


Previous reports^'- from this laboratory 
have shown that glycine is highly “pellagra- 
genic’’ when fed to chicks receiving a nico- 
tinic acid-low diet. On the other hand, the 
chick -tolerated unusually high levels of gly- 
cine (4 to 6%), provided a sufficient amount 
of nicotinic acid was contained in the die t. 

P^er No. vVioiT^/itributioii 

2119 of the Maryland Agricultural Experiment 
Station (Department of Foultrj^ Husbandry), 
t Now at Michigan State College, East Lansing, 


AlieU. ^ ct* o 1 

I Now at University of Minnesota, St. Eauj, 

Minn. ^ ^ mv 

1 Briggs, G. M,, Groscbhe, A. C., and Lilhe, 

E Jm d. Nuiriiion, r 7>' ? 

/oroscldce, A. C., and Briggs, G. M., 

Che;«., 


The latter observation was somewhat surpris- 
ing for it had been reported earlier that more 
than 2% of glycine was toxic to the young 
chicken^ and that 4 g of glycine per day were 
harmful to hens.'^ 

Because of this discrepancy, an investiga- 
tion was undertaken to determine the mini- 
mum toxic level of glycine and the extent to 
which this level could be influenced by nico- 
tinic acid feeding. The present report de- 
scribes a peculiar overgrowth of the eyeballs 
and other conditions observed in chicks re- 
sulting from feeding a highly purified diet con- 

sAlujquist, H. J., Stokatad, B, L. It., Mecehi, 
E., and Majiniiig, P. D. Client., 1940, 

1S4, 213. 

'I Patton, A. It.y Poultry ScL, I9o9, IS, 31. 
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TABLE I. 

Composltiou of Basal Digt 113Gy« 


% 

Cerelose 

71.4 

Casein (crude) 

18.0 

ilineral mixture IXI 

6.0 

Soybean oil 

4.0 

tU-ilethioiflne 

0.3 

Choline chloride 

0.2 

i-Inositol 

0.1 

Vitamins (mg/lOO g). 


Thiamine HCl 

0.4 

Riboflavin 

0.8 

Ca pantothenate 

2.0 

Pyxidoxine HCl 

0.6 

Biotin 

0.02 

Pteroyl glutamic acid 

0.2 

Para'aminobenzoie acid 

0,2 

fl-HethyM^-t-naplitlioquinone 

0.1 

Alpha-tocopherol 

0.5 

Vit. A and Do, 1200 H.S.P. and 170 A.O.A.a 

units, respectively, by dxopper 

weekly. 


taining 8% of glycine. 

ExperhiieyitaL Day*o\d New Hampshiie 
chicks of mixed sexes were vised. The chicks 
were distributed according to weight, confined 
in electrically heated wooden cages with wire 
screen floors and given feed and water ad 
libitum. Weighings and other observations 
were made weekly. All substitutions in the 
basal diet 113GN were made at the expense of 
cerelose (Table I). 

Results. Table II summarizes the results 
of feeding 85^0 of glycine to chicks in combin- 
ation with various levels of nicotinic acid. It 
is quite evident that glycine at this level 
inhibits growth and that the growth depres- 
sion is not overcome by feeding nicotinic acid 
in amounts as high as 100 mg per 100 g of 
diet. A few cases of perosis occurred in the 
groups receiving glycine and feathering was 
inferior. No “chick black-tongue^^ was seen, 
as might be expected with the high level of 
glycine fed. 

During the first week of the experiment the 
chicks in the 3 groups receiving glycine ex- 
hibited periods of extreme prostration accom- 
panied by tremors. This condition seemed to 
be especially severe after eating. Sometimes 
the diicks would become so comatose they 
would appear to be at the point of death at 
which time they would gradually rally. In 
spite of these symptoms, constant weight gains 
were made. 


After the first week the chicks appeared to 
outgrow the tendency toward prostration, but 
slight tremors existed in the birds throughout 
the whole experiment. They seemed to be 
constantly fatigued and would stretch their 
wings and legs at frequent intervals. 

At about the third week a peculiar puffiness 
about the eyes was noticed. By the fourth 
week it was evident that either the eyeballs 
were becoming enlarged or that an edemic 
condition existed in the optic vesicle which 
was causing the eye to be forced out, as oc- 
curs in exophthalmic goiter in the guinea pig. 
The eye condition at this point was severe 
enough to interfere with the normal move- 
ments of the nictitating membrane. 

At the end of 4 weeks, 3 typical chicks 
from each group receiving glycine were se- 
lected and the total of 9 chicks were given 
the diet containing 8% of glycine and 10 
mg of nicotinic acid per 100 g of diet. They 
were continued on experiment to 7 weeks of 
age along with the 6 control chicks. From 
the fourth week to the seventh week, the 
“popped” eye condition became worse. From 
about the fifth week on, the eyes were so 
bulged that normal vision was impaired to 
the point where it was evident that the eyes 
could not be focused on objects close at hand. 
Consequently, the feed hoppers had to be kept 
quite full so that the chicks could eat prop- 
erly. 

At 7 weeks of age all the chicks were 
killed by severing the jugular vein. All had 
been fasted for a period of 6 hours prior to 
killing. The heart, liver with bile sac, spleen, 
thyroids, and one eye from each chick were 
removed and weighed immediately. All ad- 
hering muscular tissue was cut away from the 
eyes before they were weighed. In Table 
III the average values obtained for the various 
organs are given expressed in terms of per- 
cent of body weight. The data show that on 
this basis the values of the 2 groups for the 
thyroids, heart, liver plus bile sac, and spleen 
were not appreciably different. However, a 
marked difference existed in the weight of 
the eyeballs. The eyes from the °chicks 
which received of glycine were almost 
twice as great on a percent-of-body-weight 
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, TABLE n. , 

Egeet of 8% of Glyeiue on Chicks Receiving A^arious Levels of Kicotmic Acid. 


Group 

Supplement of basal diet 113GN 

No. 

No. 

Avg vft 

No. 

Peed 

Ko. 

coutaiuiug 5% gelatin 

cliieks 

dead 

4 \vk, g 

perosis efficknev* 

1 

10 mg % nicotiinc acid 

6 

0 

23o 

0 

.510 

2 

10 '^4-8% glyciuo 

0 

1 

157 

2 .501 

3 

50 4” 

C 

1 

152 

1 

.551 

4 

100 ^ 

G 

1 

158 

1 

,501 


* Totul -weight gained 

— — r=: feed efficiency. 

Total feed consiinied 


TABLE III. 


Effect of 8% of Glycine in the Diet of Chicks on the Size of Various Organa of the Body. 




Avg 
body wt 

7 wk, g 


% of body weight (avg) 


Biet 

No. 

clucks 

r ■ 

Eye* 

Thyroid i 

Heart 

Liver and 
bile sac 

Spleen 

A 

6 

532 

0.343 

(0.2S9-0.39e) 

0.008 

0.503 

2.776 

0.21^ 

B 

0 

399 

0.638 

(0.565-0.762) 

o.oor 

0,537 

2.893 

0.232 


Diet A. 113GN 4 - 5 % gelatin, 10 mg % nicotinic acid (control group). 
Biet B, 113GN 4- 5% gelatin, 10 nig % nicotinic acid, S% glycine. 

* "Values given are for one eye. 
t Values given are for both thyroids. 


basis as were the eyes from the controls. This 
striking eye condition may be seen in Fig. I 
which 'shows the difference in size of 2 excised 
eyeballs, one from a control chick and the 
other from a chick which received 8% of 
glycine. 

The production of an apparent overgrowth 
of the eyeballs seems to be related to the 
form in which the amino acid is fed. The 
same basal diet supplemented with 10% of 
gelatin, 25% of bone ossein, and 10 mg of 
nicotinic acid per 100 g did not cause an 
enlargement of the eyeballs, tremors, or 
marked growth depression, although this diet 
contained approximately 8% of glycine but 
in the peptide form. (Bone ossein was used 
in place of gelatin because the diet tended 
to stick to the beaks of chicks when it con- 
tained more than 10% of gelatin. It is as- 
sumed that hone ossein and gelatin are 
ecjually digestible because both depressed 
growth in about the same order of magnitude 
when fed to chicks receiving nicotinic acid-low 
diets. No explanation for the protective 
action of protein is offered.) 

Furthermore, the effect of free glycine un- 
der the conditions of these experiments Is con- 
fined to the growing chick. In experiments 


witli laying hens, 4, 8, and 12% of glycine in 
a semi-purified diet containing 50 mg of nico- 
tinic acid per 100 g did not cause any eye 
abnormalities during successive feeding 
periods of 5, 3, and 4 weeks, respectively. 
Feed consumption and egg production were 
only slightly lowered during the latter 4-week 
treatment 

The underlying physiological cause of the 
observed biological anomaly is as yet un- 
known. Whether the enlargement of the eye- 
balls is the result of actual tissue growth, or 
increased optic fluid caused by disturbed os- 
motic relationships, or other conditions must 
be determined through additional experimen- 
tation. The fact that the condition was ob- 
served in young growing chickens and not in 
laying hens w'ould lend support to the belief 
that the enlargement is the result of actual 
overgrowth of tissue and not to increased 
ocular fluid caused by osmotic disturbances. 
Whether or not other amino acids will cause 
this same condition has not been studied. 

Summary. Growth depression and trpiors 
were observed in chicks fed Sfi of glycine as 
part of a highly purified diet. The depressed 
growth rate was not overcome by feeding un- 
usually high levels of nicotinic acid. In addi- 
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1 

j 

i 


i. 




Pig. 1. 

Contrast in size of eyeballs. The eyeball on tbe 
left is from a 7>week-o]d chick which received a 
diet containing S% of glycine; its body weight 
was 395 g. The evebali on the right is troni a 
normal 7*week*old * chick; its body weight was 
574 g. 


tion, a peculiar enlargement of the eyeballs 
developed which interfered with normal 


vision and functioning of the nictitating mem- 
brane. Eight percent of glycine as the pep- 
tide produced no such effect. The action of 
glycine appeared to be confined to the growing 
chicken. The feeding of 12% of glycine to 
hens over an extended period produced no 
apparent ocular abnormalities. 

We are indebted to Merck & Co., Hahway, N. J., 
for crystalline vitamins; Wilson and Co., Inc., 
Chicago, 111., for 2X gelatin; Allied Mills, Inc., 
Portsmouth, Va., for soybean oil; Abbott Labora- 
tories, North Cliicago, lU., for haliver oil; TJ, S. 
Industrial aiemicals, Inc., Baltimore, Md., for 
PL-methionine; and to Lederle Laboratories, Pearl 
Biver, N. T., for pteroylglutamic acid. 
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Effect of Dicumarol on Ac-Globulin and Prothrombin Activity.^ 

John L. Fahey, John H. Olwik, and Arnold G. Ware. 

(Introduced by Walter H. Seegers.) 

From the Department of Fhrjsiology and Pharmacology, Wayne University College of^edtcuie, 
Detroit, and the Department of Surgery, The Trcsbxjterian Uospiial of the City of Chicago, 


The administration of dicumarol to prevent 
the occurrence or extension of intravascular 
thromboses has given encouraging results.^'® 
The rationale of this treatment is based upon 
the ability of dicumarol to lower the pro- 
thrombin concentration in the circulating plas- 
ma.^ Dicumarol has been thought to act 
principally upon the prothrombin portion of 
the coagulation mechanism and thus to de- 
press the clotting activity of whole blood. It 
is now apparent that another factor, Ac-globu- 
lin, warrants study in connection with dicu- 
marol therapy. Ac-globulin*^ is a plasma pro- 

* Aided by grants from the United States Public 
Health Service and the Ortho S. A. Sprague 
Memorial Institute Pund. 

1 Olwiu, J. H., Josiah Macy, Jr., Conference on 
Blood Clotting and Allied Problems, N. Y., 194S. 

2 Allen, E. Y., Hines, E. A., Kvale, W. P., and 
Barker, N. W., Ann. Int. Med,, 1947, 27, 371. 

3 Link, K. P., Barvey Lectures, 1943-44, 162. 

4 Ware, A. G., and Seegers, W. H., J, Bioh 
Chem., 1048, 172, 099. 


tein normally found in the circulating plasma. 
It acts to assure normal physiological conver* 
sion of prothrombin to thrombin during the 
process of blood coagulation. A deficiency of 
this factor impairs thrombin formation and 
a bleeding tendency may develop.^ 

The existence of Ac-globulin was unknown 
until recently, and previous reports on pro- 
thrombin measurements by both the one- and 
two-stage tests have not considered the possi- 
ble role of this factor. With accurate and spe- 
cific methods now available, a study was un- 
dertaken of both prothrombin and Ac-globulin 
levels as they are influenced by dicumarol 
administration. 

Methods, Blood was obtained by venipunc- 
ture. In order to reduce contamination by 
tissue fluids the initial 3 cc of blood drawn 
into the syringe were discarded. The sample 
to be analyzed was received into a second 
syringe containing the anticoagulant. In this 


sOwren, P. A., Lancet, 1947, 252, 446. 
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manner 9 volumes of blood were added to 1 • 

volume of 3.2% sodium citrate. After centri- 
fugation at 3,000 rpm for 30 minutes the plas- 
ma was carefully removed from the cellular 
elements and frozen at -20^0 until analyzed. 
Quantitative prothrombin determinations were 
carried out by means of a modified 2-stage 
test in which Ac-globulin is supplied.^ By 
adding an excess of accelerator in this modifi- 
cation, maximum conversion of prothrombin 
to thrombin is assured under the conditions 
specified in the 2-stage prothrombin analysis.*^ 

Ac-globulin was measured by a method in 
which the concentrations of prothrombin, 
thromboplastin, and other known variables are 
controlled with the result that the rate of 
thrombin formation is dependent upon the 
amount of Ac-globulin present^ Because this 
test for Ac-globulin is a measure of a reaction 
rate (prothrombin to thrombin) and quite 
sensitive to minor changes in the reacting 
medium, all determinations were related to a 
control plasma of the same species. The 
normal control plasmas were carefully col- 
lected and frozen at -20^0 until they were 
measured at the same time as the unknown 
samples. 

ExperhneiUaL 1. Canine specks. Seven 
normal healthy, dogs were selected and the 
normal levels of plasma prothrombin and Ac- 
globulin determined. On successive days dicu- 
maroi was administered orally either as 2 
doses of 14 mg per kg of body weight or as 
4 doses of 4 mg per kg. Samples of blood 
for analysis were obtained regularly either 
from the saphenous or antecubital vein. 

The results of these experiments indicate a 
sharp drop in plasma prothrombin which is 
maintained for a period of about a week. 
Following this a gradual restoration of pro- 
thrombin activity takes place. In addition, 
there was generally an initial decrease in Ac- 
globulin activity upon dicumarolization, 
though the magnitude of fall was much less 
than that of the prothrombin. This reduction 

oSeegcrs, \V, H., aijii Ware, A. G., Josinh Alfloy, 

Jr., Conferwice on Blood Clotting and Allied 
Broblcnis, X. Y., 1048. 

7 Smith, H. F., Warner, E. B., and Bnnkhous, 

K. M., J. Med.. 1937, m, SOI. 


AND PROTKROiTBIN 



Changes in plasma Ac-globuHn and prothrombin 
coneeutratious from dienmarol administration to 
a dog. 


in Ac-globulin is only moderate, rarely falling 
under 65% of normal, and is in contrast to the 
severe fail in the prothrombin concentration. 
Even with the larger doses of dicumarol the 
Ac-globulin level did not fall below 50% of 
normal as compared to prothrombin titers re- 
duced to as low as 1 % of normal. In Fig. 1 
are illustrated the results of a tjqiical experi- 
ment employing a 9.0 kg female dog. 

Considerable individual variation in the 
deptli and duration of the response of Ac- 
globulin was observed. The drop generally 
began on the day following the first dose of 
the drug but on one occasion it did not occur 
until the 4th day. Recovery usually followed in 
10-14 days. Interestingly, the increase in Ac- 
globuJin concentration extended to values 
above the original levels, in one instance going 
as high as 150%, before returning to the 
normal range. This rise generally coincided 
with the period of marked prothrombin restor- 
ation. The dosage of 4 mg per kg of body 
weight approximates the original dose em- 
ployed clinically in dicumarol tlierapy, though 
a total of 4 such doses is seldom utilized. In 
order to achieve maximal effects, 2 doses of 
14 mg per kg were given to S of the dogs. 

The prothrombin response to dicumarol in 
all dogs studied followed a pattern similar to 
that shown in Fig. I, with the ma.ximai re- 
duction varying from 6% to less than 1% 
of normal. Both dosage schedules resulted in 
marked reductions of prothrombin. The 
smaller doses given over a greater period of 
time usually produced a sJIghtbv longer de- 
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pression of Ac-globulin. 

2. Human Patients. Preliminary investiga- 
tions were carried out on 8 patients to whom 
dicumarol was administered after the oc- 
currence of intravascular thromboses. Pro- 
thrombin values were reduced under this 
therapeutic regime and maintained at the de- 
sired low levels. Whenever possible, samples 
tor analysis were obtained from the patients 
before dicumarol therapy was instituted. The 
prothrombin and Ac-globulin levels were fol- 
lowed as systematically as possible in each 
case, usually at 2- or 3-day intervals. 

These studies indicate that in the human 
being as well as in the experimental animal the 
Ac-globulin level is lowered following the first 
doses of dicumarol. The concentration may 
be reduced to half of that normally found in 
human beings. Some individual variation was 
observed. As the prothrombin concentration 
was brought to the desired level of about 20^ 
and the dicumarol doses reduced to maintain 
it so, the Ac-globulin titer returned to normal 
values. This restoration was found to be 
complete after about 3 weeks of therapy. Even 
when followed into the fourth week of dicu- 
marol administration none of these patients 
showed a concentration of Ac-globulin above 
normal. The prothrombin and Ac-globulin 
levels of a patient, recorded in Table I, are 
representative of our general experience. 

In addition to those patients followed from 
a time prior to or early in therapy, plasma 
samples were also analyzed from 12 out-pa- 
tients who had received dicumarol for periods 

TABLE I. 


Plasma Ac-globulm and Prothrombin Levels in a 
Human Patient Beceiving Continnons Hienmaroi 
Therapy. 


Days following 
initiiil 

aduunistration 
of drug 

Protlirombin 
^0 of norm,al 

AC'globuUn 
% of normal 

1 

77 

— 

o 

34 

49 

3 

50 

52 

5 

35 

49 

7 

24 

68 

9 

20 

59 

12 

21 

64 

14 

26 

67 

1C 

2G 

89 


ranging- from 1 to 14 months. Prothrombin 
levels had been reduced as rapidly as was safe- 
ly possible and for the most part were main- 
tained within ^ range of between 15 and 30% 
of normal. These patients who had received 
dicumarol for long periods of time showed no 
appreciable variation in Ac-globulin from 
normal levels. 

Discussion. These observations in general 
agree with those of Owen and Bollman who 
report on the effect of dicumarol in dogs. 
However, those authors do suggest a disap- 
pearance of the accelerator in the early stages 
of dicumarolization whereas no such marked 
alteration was found by us. The difference 
between the marked fall in accelerator indi- 
cated by their work and the relatively small 
decreases in Ac-globulin reported in this pres- 
ent study, even though higher dicumarol doses 
were utilized, may possibly be attributed to 
tire methods of analysis used. The test de- 
veloped in this laboratory is believed to be 
more sensitive to Ac-globulin and less sensi- 
tive to other factors in the plasma than is the 
method utilized by Owen and Bollman. The 
period of increased convertibility noted in 
their work in the recovery stages agrees with 
our obsen^ations which indicate that Ac-glob- 
ulin concentrations in the canine species may 
reach 150% of the normal during that time. 

Study of the Ac-globulin level in dogs is 
beset with certain problems which unless con- 
trolled may lead to erroneous results. The 
blood of a normal dog when removed from the 
vein dots rapidly. The Lee-White time of 
dog blood is 3-5 minutes compared to 6-9 
minutes for normal human blood. If incipi- 
ent initiation of the clotting process occurs in 
the sample to be tested the small amount of 
thrombin formed will partially convert the 
plasma Ac-globulin to the active form, serum 
Ac-globulin.^ Experience has shown that this 
effect is easier to avoid when citrate is used 
as anticoagulant. The presence of a small 
amount of serum Ac-globulin will indicate an 
apparent but false increase in the plasma Ac- 

SOvren, C, A., and Bollman, J. L., PROC. Soc. 
Exp. Biol, and Mrd., 1948, 67, 231. 

oWare, A, G., and Seegers, W. H., Am. J, 
Physiol, 1948, 152, o07. 
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globulin present.^ On the other hand^ if a 
considerable amount of thrombin is released 
prior to -the effect of the anticoagulant it may 
actually destroy part of the Ac-globulin, To 
guard against these difficulties the procedure 
described in this paper for drawing blood was 
followed carefully. Sodium citrate is also 
preferable to oxalate as an anticoagulant be- 
cause Ac-globulin is more stable in stored 
citrated' dog plasma than in oxalated plasma. 
It is certainly possible, or even probable, 
that the effect of dicumarol on the coagula- 
tion mechanism is not restricted to prothrom- 
bin and Ac-globulin alone. Conflicting re- 
have been presented as to the sus- 
ceptibility of fibrinogen to dicumarol and a 
variation in serum antithrombin titer has also 
been proposed.^- From the observations re- 
ported here it is seen that dicumarol has, in 
addition to its paramount function of lower- 

10 Irish, U, B., and Jaques, L. B,, Ain, J. 
rhysiol,^ 1M5, 143 , 101 . 

Peters, H. B., Doenges, J, P., and Bramhel, 
C. B,, Southertv Med. 1948, 41, 526. 

12 Hurn, AT., Barker, N. 'W., and Mann, P, B., 
Am, J, CUn, 1947, 17, 712. 


ing the prothrombin concentration, a second- 
ary effect upon the coagulation mechanism 
through its reduction of Ac-globulin early in 
the period of dicumarol therapy. The deSnile 
drop in Ac-globulin which occurs following 
initiation of therapy should contribute at that 
time to the prevention of clot formation. 

Summary, In human patients receiving 
dicumarol the plasma Ac-glofaulin level may be 
depressed by 20-50% following initiation of 
therapy. Individual variation was note- 
worthy. A gradual return to normal concen- 
trations of Ac-globulin occurs within 3 weeks 
as therapy is continued and the prothrombin 
is maintained at a low titer. No appreciable 
difference from normal was found in the Ac- 
globulin values of patients who had been on 
dicumarol therapy for 1 to 14 months. . 

Dogs receiving larger dicumarol doses than 
were administered to human patients showed 
a similar Ac-globulin response and a more 
marked reduction in prothrombin. A period 
of slightly lowered Ac-globulin activity in the 
dog is followed by a temporary rise to levels 
above normal. 
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Herbert P. Sarett. 

From the Ffnirition Feseerch Laboratory, Depart jnent of Medicine, Tulane University School 

of Medicine, Nexu Orleans, 


Corn products have usually been present in 
diets which have been associated with the 
etiology of pellagra in nian,^ black tongue in 

* A preliminarj’ report was presented^ at t!ie 
meeting of the Ainericau Society of Biological 
Chemists, March, 19i7. (Fed. Froc., 19-17, fi. 


mOO/. 

TliU work was aided by grants from tlie ^utrI■ 
tion Foundation, Inc., the WiUiauis Waterman 
Fund of the Bcscarch Corporation, and the f'mtcd 


States Public Health Service. 

xprazier, B. I., and Priedemann, T. E., Quart, 
Btdl Northwestern Vnh\ Med, School, 1940> 20, 


24. 


dogs,- and nicotinic acid deficiency in rats.^ 
It has been shown that the role of com in the 
development of these deficiency syndromes 
is not due only to the low nicotinic acid con- 
tent of the corn.-»^'^ Other factors may be 


2 Handler, K, Froc, Soc. Exp. Biol, axd 
1913, o2, 263. 

sKrehl, W\ A., Toply, h. J., ami Elvehjem» 
a A., Science, 1945, 101, 283. 

i Avkroyd, W. K., ajul Sivaminathan, M., Jndian 
J. Med, Fes., 1940, 27, 067, 
a Krehl, W. A., Toply, L. I., Surma, P. S., and 
Elvelijein, C. A., Scinice, 1915, 101, 489. 



Indoleacetic Acid Studies in ^Ian. 


495 


the low tryptophane content^’®*'^ and the pos- 
sible presence of a “pellagragenic” agent^’^ 
which could inhibit the utilization of nico- 
tinic acid or the conversion of tryptophane to 
nicotinic acid. 

The experiments on rats by Kodicek, Car- 
penter, and Harris^ in 1946 suggested that 
the growth depressing or “pellagragenic” effect 
of corn may be due to its content of indole-3 - 
acetic acid. In the present experiments the 
effect of indoleacetic acid supplements on 
nicotinic acid and tryptophane metabolism in 
man was evaluated by a study of the urinary 
excretion levels of nicotinic acid, tryptophane, 
and related metabolites, by subjects main- 
tained on a controlled diet. WTiile this work 
was in progress, other laboratories reported 
that indoleacetic acid had no effect on the 
growth of rats or on the excretion of 
N'-methylnicotinamide (N'-Me) by rats.^^ 
Kodicek, Carpenter, and Harris^^ have also 
been unable to duplicate their earlier results 
with indoleacetic acid. 

ExperhnentaL The subjects ^Yere ward 
patients w^ho w^ere found to be free of com- 
plicating organic disease as determined by 
clinical and laboratory examinations. They 
were maintained in a separate metabolism 
ward and were permitted to be ambulatory. 
The wheat diet, which was used to maintain 
these subjects has been employed in other 
nicotinic acid and tryptophane studies.'^ 
This diet, \Yhich was planned to provide 2400 
calories, contained 248 g of unenriched wheat 

c Singal, S, A., Sydenstricker, V. P., and Liittle- 
jolm, J., Fed. Proc., 1947, C, 422. 

7 Sarett, H. P., and Goldsmitb, G. A., J. J5 ioZ. 
Chem., 1947, 167, 293. 

s Woolley, D. W., J. PtoZ. Chem., 194G, 163, 773. 

J) Kodicek, E., Carpenter, K. J., and Harris, 
L. J., Lancet, 194G, 2, 491. 

Ui Krebi, VT, A,, Henderson, H. M., de la Hnerga, 
J., and Elvebjcm, G. A., J. PioZ. CZie/ii., 1946, 
166, 531. 

11 Krebl, W. A., Carvalho, A., and CowgiU, G. 
R., Fed. Proc., 1947, 6, 413. 

1- Rosen, F., and Perlzvreig, W. A., Arch, Bio- 
chern,, 1947, lo, 111. 

13 Kodicek, B., Carpenter, K. J., and Harris, 
U J., Lancet, 1947, 3, 61G. 

11 Sarett, H. P., and Goldsmith, G. A., J, Biol, 
Chan,, in press. 


products and supplied 43 g of protein, 430 
mg of tryptophane, and 6 mg of nicotinic acid 
per day. Only 10% of the total protein was 
of animal origin. Variations in food intake, 
which were necessary in order to adjust the’ 
caloric intake, were recorded. After suitable 
control periods on these diets, indole-3-acetic 
acid (Eastman) was added as a supplement 
with dinner and supper. 

Twenty-four-hour urines were collected in 
amber bottles containing 15 ml of glacial 
acetic acid, stored in the refrigerator and 
pooled in 48-hour periods for analysis of 
creatinine, nitrogen, thiamine, riboflavin, nico- 
tinic acid, N'-Me, and tryptophane by meth- 
ods previously described Since it has been 
observed that in rats and humans who had 
received tryptophane supplements, the ap- 
parent nicotinic acid content of the urine was 
markedly increased by autoclaving with strong 
acid,^^'^^ the urines in two of the present 
experiments were autoclaved in the presence 
of 1 N H0SO4 for 30 minutes prior to assay 
of nicotinic acid. Another metabolite, which 
appeared in the urine of subjects Avho had 
received extra tryptophane, has tryptophane- 
like activity for L, arabuiosiis but is extract- 
able from urine (at pH 4) by ether. Ether 
extraction was tried in a few of the present 
experiments in an effort to detect any increase 
in this metabolite after indoleacetic acid ad- 
ministration. 

Indoleacetic acid was estimated only in 
those urines obtained after administration of 
this substance, using the method suggested 
by Tang and Bonner,^^^ In this test trypto- 
phane gave 0.7 % of the color obtained with 
indoleacetic acid while indole produced 14% 
and xanthurenic acid 1.3% of the indoleacetic 
acid color. About 10 to 15 mg of indoleacetic 
acid per day was found by this method in 
urines collected from the subjects during the 
basal period. Since many indole derivatives 
which appear in urine may interfere with this 
test, these basal values were not considered to 
be reliable. 

15 Singal, S. A., Briggs, A. R., Sydenstricker, 
V. P., and Littlejolm, J. AI., J, Biol, Chan., 1946, 
160, 573. 

10 Tang, y. W., and Bonner, J., Arch, Biochem., 
1947, 13, 11. 
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Results. The values obtained in the 
analyses of the urine in these experiments are 
presented in Tables I, II and III. The sub- 
ject for the experiments shown in Table I, 
and III was a 30-yr.-old male (W.H.) and in 
Table II a 47-yr.-oid female (J.H.) The 
subjects were maintained on the basal 'wheat 
diet for 8 days before the supplements of 
25 to 200 mg of indoleacetic acid were given. 
Since corn is reported to contain 20 to 100 
mg of indoleacetic acid per 35 nig of 

indoleacetic acid represents that found in 
0.25 to 1.2 kg of corn while 200 mg of indole- 
acetic acid is equivalent to that obtained 
from 2 to 10 kg of corn products. 

The creatinine and nitrogen excretion re- 
mained fairly constant in each experiment 
and are an indication of Ihe completeness of 
urine collection and the constancy of the diet. 
The levels of thiamine and riboflavin excreted 
decreased rapidly, as has been found with 
other subjects on this diet,^*^ and were 
not affected by the indoleacetic acid adminis- 
tration. For the sake of brevity, the above 
findings are shown only for the experiment in 
Table I. 

The urinary nicotinic acid values obtained 
by microbiological analysis of the diluted urine 
were not significantly changed throughout the 
course of the experiments. The nicotinic acid 
values which were obtained after autoclaving 
the urine with add (Tables II and III) 
also remained relatively constant. The slight 
increase in excretion of this metabolite at the 
end of the period of indoleacetic acid ad- 
ministration (Table II) is of questionable 
significance. Tryptophane is the only known 
compound which, when added to the diet, 
leads to an increase in excretion of this acid- 
hydrolyzable nicotinic acid-like compound.^”^*^^ 

The excretion of N^-Me is at present the 
main index of nicotinic acid metabolism. In 
the present experiments there ivere no sig- 
nificant changes iu excretion of N'-Me after 
administration of indoleacetic acid. In pre- 
vious studies it has been showm that replace- 

i7Haagen.Smit, A. X, Leech, W. D., and Ber- 
greu, W. B., Am. J. Botany, 1942, 29, 500. 

18 Berger, J., and Avery, G. S,, Am. J, Botany, 
1944, 31, 199. 


ment of 190 g of the wheat of this diet by 
corn products resulted in a marked decrease 
in excretion of This may have 

been due- to the presence of an inhibitor in 
the corn,^ or to the lower tr 3 ^ptophane con- 
tent of the corn as compared with the wheat, 
or to a combination of these factors. 

Tryptophane excretion increased slightly 
in all 3 experiments following the administra- 
tion of indoleacetic acid and decreased to 
approximately the basal level after the sup- 
plementation Avas discontinued. The pres- 
ence of indoleacetic add in the urine could 
not account for the increased tryptophane 
values. Relatively high levels of indoleacetic 
acid (O.i mg/ml) in the microbiological assay 
have been shown to have a slight stimulatory 
effect upon the utilization of tryptophane by 
L. arabinosusP However, urines which were 
diluted for analysis of tryptophane, supplied 
less than 50 y of indoleacetic add for each 
10 ml assay tube. Experiments in this- 
laboratory show that 20 of 500 y of indolea- 
cetic acid per 10 ml assay tube has no activity 
for L. arabhwsus in a test which can detect 
less than 0.2 y of tryptophane and has no- 
significant effect on tryptophane utilization. 
HoAvever, the metabolism of indoleacetic 
acid, either in the intestine or in the body, 
may lead to the formation of other compounds- 
which can replace tryptophane or stimulate 
the utilization of tryptophane by A. arabhw- 
sus. Only 70 to 138 mg of indoleacetic acid 
were found in the urine after oral administra- 
tion of 200 mg of indoleacetic add (Tables 11 
and III). 

Extraction of some of the urines witli ether 
showed (Tables II and III) that the increase 
in tr 3 »'ptophane excretion after indoleacetic 
acid supplementation was not due to the 
ether extractable tryptophane-like substance 
which is found in the urine after tr}^tophane 
administration.^'^ 

D/scusswu. In the present experiments 
the addition of up to 200 mg of indoleacetic 
add per day to a low protein diet appeared 
to have no signihcant effect on nicotinic acid 
utilization or on the conversion of tiy^to- 

19 Handler, P., and Kamin, H., Paoc. Soc. Exp] 
Biol. Ayx> Med., 1047, €0, 231. 
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phane to nicotinic acid as evidenced by the 
excretion of nicotinic acid and N'-^Ie by man. 
Rosen and Perlzweig^' showed that indolea- 
cetic acid had no effect on the excretion of 
N'-^Ie by rats receiving a basal diet alone 
or with tryptophane supplements. Others 
have also been unable to obtain depression 
of rat growth by inclusion of indoleacetic 
acid in the diet, although the addition of 
corn or protein low in tryptophaone has 
retarded growth.^^^^ The replacement of a 
portion of the wheat diet by corn products 
has been shown to decrease the excretion of 
N'-Me by man."*^'^ This effect may be due 
to the lower tryptophane content of the corn 
as compared with the wheat or to the pres^ 
ence of an unidentified inhibitory agent in 
the corn.^ 

The increase in excretion of tryptophane 
compounds by man after the ingestion of 
indoleacetic acid may be due to the conversion 
of indoleacetic acid to a substance which has 


tryptophane-like activity for L. arabinosiis. 
It is also possible that indoleacetic acid 
may have some effect on tryptophane meta- 
bolism in man which is separate from the 
tryptophane-nicotinic acid relationship. In 
rats, indoleacetic acid cannot replace tr^^pto- 
phane as a growth stimulant, when added to 
a diet deficient in tryptophane and nicotinic 
acid.^^P 

Siwimary, The addition of 25 to 200 mg 
of indoleacetic acid per day to a diet low 
in protein and nicotinic acid appears to have 
no significant effect upon the utilization of 
tryptophane and nicotinic acid by man as 
evidenced by urinary excretion studies. 

The author Trishes to thank the following people 
for their cooperation in these studies; Brs. Grace 
A. Goldsmith aud Boy E. Butler for clinical as^ 
sistance, Janice Gibhens and Winifred Bouvet for 
planning and supervising the diets, and An- 
toinette Dingraudo, Carol Haas and Janice Boeb 
for their technical assistance. 
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Changes in Circulating Eosinophils in Man Fo llowing Epinephrin e, 
In sulin, and Surgical Ope ration^ ^ 

John H. Laragh and Thomas P. Alxiy. (Introduced by Ephraim Shorr,) 


From the Department of Medicine^ Neu? Yorl: 

CoUegCj Yew 

Forsham and his- associates^ have reported 
that pituitary adrenocorticotropic hormone 
(ACTH) produces a fall in circulating eosino- 
phils whidi is dependent upon normal adrenal 
cortical function. Long and had pre- 
viously demonstrated that epinephrine stim- 
ulates the adrenal cortex of the rat, and that 
this effect is mediated by the anterior pitui- 
tar>\ For these reasons we have studied the 
effects upon the circulating eosinophils of 

* Aided by a generous gift from Mr. John L. 
Given. 

1 Forsham, P. H., Thorn, G. W., Prunty, F. T. 
G., and Hills, A. G., J. Clin. Endocrinol., 1948, 8, 
15. 

^Long, 0. N. H., and Fry, E. G., Proc. Soc. 
Exp. Biol, and Med., 1945, 50, 67. 


Hospital, and the Cornell University IfcdicaZ 
Forfc City. 

epinephrine, and later of insulin and of surgi- 
cal operations. Studies have been made upon 
healthy persons, patients with adrenal and 
pituitary insufficiency, and patients with ‘^dis- 
eases of adaptation”^ such as essential hyper- 
tension and nonspecific colitis. 

While this study was in progress, eosino- 
penia after intravenous epinephrine and insu- 
lin was reported by Godlowski,^ and Thorn 
and his associates^ reported that intravenous 
epinephrine reduced the eosinophil count in 

3 Selye, H., J. Clin. Endocrinol., 1946, 6, 117. 

4 Godlowski, Z. Z., Bnt. Hcd. J., 1948, 1, 46. 

3 Becaut, L., Forsham, P. H., and Thorn, G. W. 
Read at the tliirtieth meeting of the Association 
for the Study of Internal Secretions, June 18, 
194S. t 
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persons with normal adrenals, Gershberg and attained. Five subjects were given standard 
Long^ demonstrated that insulin stimulated glucose-insulin tolerance tests as controls. Two 
the adrenal cortex of animals mth intact pitui- of these patients showed no significant change; 
taries. ^ the other 3 had slight drops (22 to 2Sfo) hut 

Method, The eosinophils of heparinized in these 3 we were unable to obtain neutral 
venous blood were enumerated in the Levy sugar curves. 

double depth counting chamber, using a modi- Addhon's Disease and Pituitary Insuffi- 
fication of the method of DungerJ cle7tcy. In 4 cases of Addison's Disease and 

Residts (see Figure). The normal range of 2 cases of pituitary insufficiency the t}^ical 
eosinophil count was found to be 100-300 per fall in eosinophil count after epinephrine and 
cu mm. insulin did not develop. The largest change 

Epinephrine, Epinephrine HCl, 0.5 cc of observed was a 28% fall, associated wdth sus- 

1:1000 solution, was administered subcutan- tained hypoglycemia in a patient with Addi- 

eously to 21 healthy subjects. In 20 of these son's Disease. 

subjects the eosinophil count dropped by an Miscellaneous Endocrino pat hies. In this 
average of 56% in. 2J^ -3 hours. Five sub; group are 2 acromegalics, 2 cases of pituitary 
jects given 0.5 cc saline showed no significant tumor, 1 of Cushing's syndrome, and 1 of 
drop in eosinophils. ^ ^ possible Cushing's. This group all responded 

Insulin, Regular insulin 0.1 unit/kg was normally with an average drop of 55,2^ 
given intravenously to 11 healthy subjects after epinephrine or insulin, 
and to one patient with moderately advanced Hypertension. Six patients with essential 
pulmonary tuberculosis who was on prolonged hypertension have been studied. Four showed 
bed rest. In all these subjects the eosinophil e.xaggerated response to insulin with an 
count fell, the average change being minus average drop in eosinophils of 90.4%. Blood 
57.5%, four hours after injection. In all sugar curves were similar to those observed in 
cases a blood sugar of 60 mg% or below was healthy group. A fifth mild hyperten- 
Gershberg, H-. '^Long, C. N. sive dropped 79f^ after epinephrine and the 

TDunaer A. yimchcn. ilcd. Wchnschr., isio, Sixth patient showed a 48% drop after insulin. 
,n,a ’ ’ Colitis. Of 3 patients with severe ulcera- 
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live colitis given insulin, 2 showed a rise in 
eosinophils (32^, 37^) and a third only 
a 12^0 drop. Eive patients with milder 
ulcerative colitis showed a normal response. 

Surgical Operations. Fifteen patients 
"have been followed through the stress of 
major surgery. Following operation, 14 of 
these patients showed profound drops in 
their eosinophil counts, 6 falling to zero. In 
general the degree of fall varied directly with 
the magnitude of the operation. The peak 
of response occurred most commonly 3-8 
hours after the beginning of the operation. 
The fifteenth patient, one with severe ulcera- 
tive colitis, showed a marked and progressive 
eosinophilia following an ileostomy. 

Discussion. Epinephrine and insulin ap- 
pear to exert similar effects on the circulating 
eosinophils of man, and our results suggest 
that this effect is mediated through the pitui- 
tary and adrenal cortex. The failure of re- 
sponse in a small number of cases of Addi- 
son’s Disease and pituitary insufficiency leads 
us to anticipate that the eosinophil changes 
following epinephrine and insulin may be 
useful in the diagnosis of these conditions. 

Browne and his associates® have measured 

S Browne, J. S. L., Conference on Bone and 
tVound Healing, Josiah Macy, Jr., Foundation, 
December 11-12, 1942, pp, 45-47. 


the changes in excretion of glycogenic corti- 
coids and other indices of adrenal function 
following major surgery, and have interpreted 
these changes as part of the process of adap- 
tation to non-specific stress. The occurrence 
of eosinopenia following operations may be 
construed as further evidence of the role of 
the adrenal cortex in the “alarm reaction” in 
man. 

In view of the postulated role of the adrenal 
in the genesis of “essential” hypertension, the 
exaggerated eosinophil response in patients 
with this disorder is being studied further. 
The absence of an eosinophil response in 
three patients with severe chronic ulcerative 
colitis suggests that adrenal insufficiency may 
occur in such patients. This possibility is be- 
ing investigated. 

Summary. Significant eosinopenia has 
been observed following injection of epine- 
phrine and of insulin. This change was exag- 
gerated in patients with essential hyperten- 
sion, and diminished or absent in patients 
with adrenal or pituitary insufficiency, 
^larked eosinopenia has been found after 
surgical operations. 

The authors are indebted to Dr. Peter Forsham 
for technical advice. 
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Shepard Shapiro and Dan H. IMoore. 

From the Goldicatcr Memorial Mo&piial, the Department of Medicine, X. Y. University, College 
of dfcdicine, and the Electrophoresis Laboratory, College of Physicians and Surgeons, Xew 

YorJ: City. 


Dicumarol induces prothrombinopenia by 
inhibiting the production of prothrombin, 
presumably in the liver. At dosage levels 
used for therapeutic purposes, its action is 
reversible and can be counteracted by vita- 
min K.^"^ In order to determine w’hether or 
not protein components other than prothrom- 
bin were measurably altered by the drug, 
comparisons by means of electrophoresis of 


human plasma before and after Dicumarol 
medication w^ere made. 

1 Campbell, H. A., Smith, W. K., Roberts, W. L., 
and Link, K. P., J. Biol. Chenu, 1941, 138, 1. 

2 Shapiro, S., Redish, M. H., and Campbell, 
H. A., Peoc. Soc. Exp. Biol, xxd ilzn,, 1943, 52, 
12 . 

3 Cromer, H. E., Jr., and Barker, N. W., Proc. 
Staf Meet. Mayo Clin., May, 1944, 19, 217. 
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TABLE I. 


Eleetroplioretle Data and Prothrombin Times on Plasma from Patients after Dicumrol 


Specimen 

f 

Albumin 

% concentration of 

Globulins 

-- 

A/G 

Prothrombin time- 

a 



7 

f > 

Whole plasma, sec. 

Mai 

' 57.8 

‘ 8.5 

10.0 

8.2 

15.4 

1.37 

17.5 

Ma II 

' 59.3 . 

8.2 

11.9 

6.7 

13.9 

1-45 

39.5 

Mol 

66.8 

7.2 

14.2 

3.5 

8.5 

' 2.00 

16.0 

Mo ir 

66.2 

7,6 

13.9 

3,8 

8.3 

1.97 

40.6 

Ox I 

65.1 

5.7 

11.4 

4.5 

13.3 

1.86 

15.0 

Ox II 

64.4 

4.5 

12.2 

4.5 

14.4 

1.81 

38 

Owl 

45.9 

11.6 

18.0 

9.1 

15.2 

0.85 

15.2 

Ow II 

42.8 

.. 12.0 

17.3 

9.1 

18.8 

0.76 

23.0" 

Mel 

49.7 

8.6 

21.0 

6.9 

13.8 

0.99 

15.2 

Me II 

49.7 

6.6 

21.8 

9.1 

12.8 

0.98 

37,6 ' 

Kr I 

54.1 

9-9 

13.4 

5.3 

17.4 

1.18 

13.8 

Kr 11 

56.2 

9.2 

12.5 

4.5 

17.6 

1.28 

23.5 


Mo and Ox r=: Normal subjects, 

I = Before medication (dicumarol). 

II — 48 hr later. 


Material. The plasmas of 6 adult persons, 
3 of each sex, were studied. Four were 
patients being treated for intravascular 
thrombosis, and 2 were normal subjects. The 
doses of Dicumarol used in each case varied 
between 500 and 700 mg given in 2 doses 
about 12 hours apart, the first dose being 
usually about 100 mg greater than the sec- 
ond. Prothrombin estimations were made 
immediately prior to the administration of 
the initial dose and again about 48 hours 
later. Samples of blood for electrophoresis were 
obtained at the same time. 

Estimations of prothrombin time were 
made by a method previously described.^ ^ 

Since hemoglobin migrates electrophoretic- 
ally with y-globuiin, hemolysis was carefully 
avoided. Plasmas from oxalated blood 
samples were diluted with 2 volumes of 0.02M 
sodium phosphate buffer of pH 7.4 which 
was 0T5M with respect to Nad, ionic 
strength 0.2, and dialyzed in the cold against 
the same buffer solution for one day. Analy- 
ses were made in the Tiselius apparatus m 


the usual manner. 

Results. Pianimeter measurements and 


4 Shapiro, 
Campbell, H. 
1942, 50, 85. 


S., Sherwin, B., Bedisli, ajid 

A., Paoc. Soc. EXP. Biol, axd Med., 


the calculated percentages of the several 
plasma components are recorded in Table I 
It is apparent from this table, that no con- 
sistent changes occurred in the electrophore- 
tic patterns although there was marked Dicu- 
marol-induced prothrombinopenia. This was 
true for samples of plasma taken both for 48 
and 72 hours after Dicumarol administra- 
tion. The quantity of prothrombin in plas- 
ma is too small to be demonstrated by electro- 
phoresis, therefore, no evidence of its de- 
pression was expected in the patterns. Only 
one patient, Kr, exhibited a significant 
change in A/G ratio. Before medication, the 
value of this ratio was 1.18. It rose to 1.2f 
after 48 hours and dropped to 0.95 when 
estimated 24 hours later. The fall was a 
reflection of a change in all componen^. 
This patient had generalized arteriosclerosis, 
circulatory failure and peripheral venous 
thrombosis. It is possible that the disease 
processes were responsible for this change. 
We hesitate to ascribe it to the influence of 
the drug. 

Summary. Dicumarol at therapeutic dos- 
age levels failed to produce alterations in hu- 
man plasma of sufficient magnitude to be de- 
tected by electrophoretic analysis. 
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Comparison of New Jersey and Palestine Strains of Bovine Leptospira. 

H. Bernkopf* and Ralph B. Little. (Introduced bj' Carl TenBroeck.) 

From the Department of Animal and Plant Pathology of the Poclefeller Institute for Medical 

H^search, Frinceioiij X. J, 


In the previous work on leptospirosis in 
cattle in New Jersey^*” the similarity to the 
-disease reported in Palestine^ was obvious, 
but no culture of the Palestine strain was at 
hand for serological comparisons. The pres- 
ent paper reports serological studies carried 
out with 6 strains of leptospira isolated in an 
outbreak of the disease in a New Jersey 
dairy herd and a strain of bovine leptospira 
from Palestine. 

Methods. Chang’s^ semisolid and fluid 
media (in which rabbit serum had been sub- 
stituted for horse serum and the hemoglobin 
omitted) were used for storing cultures and 
Schueffner’s" medium vras used for the sero- 
logical tests. Actively growing cultures in- 
cubated 5 to 7 days at 30"^ C were used as 
antigen either as living or formalinized prep- 
arations. Equal amounts of serum dilutions 
and leptospira suspensions were mixed in 
small test tubes. For agglutination tests 
formalinized cultures (0.3^ formalin) were 

* Visiting investigator from the Department of 
Hygiene aad Bacteriology, The Hebrew Univer- 
sity, Jerusalem. 

1 Baker, J. A., and Little, R. B. Presented in ab- 
stract form before the Twenty-eighth Conference 
of Research Workers in Animal Diseases in Xorth 
America, Chicago, Ilh, Dec. 2, 1947. Also in 
Bovine Mastitis. A Symposium (E. B. Little and 
W. X. Plastridge, editors), Xew York, MeGraw- 
HiU Book Co., Inc., 1946. 

2 Baker, J. A., and Little, R. B., J. Exp. Ifed., 
194S, 88, 295. 

3 Bernkopf, H., Olitzki, L., and Stuczynski, L, 
A., J. Infect. Bis., 1947, 80, 53. 

^Ungar, H., and Bernkopf, H., Arch. Bath,, 
1947, -44, 59. 

‘"•Bernkopf, H., Stuczynski, L. A., Gottlieb, T., 
and Halevy-Katz, C., J. Infect. Bis., 194S, in press. 

6 Chang, Sliih Lu, J. Infect. Bis., 1947, 81, 28. 

7 Kelser, R. A., and Schoening, H. W., ISIanual 
of Veterinary Bacteriology, 4th Edition, Williams 
and Wilkins Co., Baltimore, Md., 1943, p. 411. 


incubated for 2 hours at 37® C and kept at 
room temperature, while with living antigen 
the incubation period was the same but the 
tubes Nvere stored in the refrigerator. Read- 
ings w'ere made the following morning by 
examining uncovered drops by dark-field il- 
lumination with objective 10 and ocular 10. 
The results with living cultures were recorded 
as all organisms lysed; ±. many organ- 
isms lysed; and — , no lysis. With formalin- 
ized material the readings were recorded as 
-r, nearly all ieptospiras agglutinated in large 
clumps; ±:, many Ieptospiras agglutinated 
in small clumps; and — , no agglutination. 

Serological Examination. In the serological 
studies it was found that both living and 
formalinized cultures gave identical titers as 
a rule, yet is was useful to check the results 
of one method with the other. Small anti- 
body concentrations may not be detected if 
living cultures are employ^ed, as minor de- 
grees of lysis are more difficult to read than 
slight agglutination reactions obtained with 
formalinized material. The disadvantage, 
however, of using live cultures is offset by 
the avoidance of spontaneous clumping which 
not infrequently occurs in formalinized cul- 
tures. 

Three leptospiral strains (N.J.) were used 
to immunize rabbits. The rabbits received 3 
intravenous injections of living cultures at 
weekly intervals and were bled one week after 
the last injection. Each New Jersey immune 
serum agglutinated the 3 New Jersey strains 
to the same titer. It was therefore assumed 
that the strains were identical and this was 
confirmed in absorption experiments. Sub- 
sequently 2 rabbits were immunized, one with 
a New Jersey culture, the other with the Pales- 
tine strain. Each animal received 4 injections 
of living culture intravenously and a week 
after the last injection they were bled from the 
heart. The results for both agglutination and 
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TABLE m. 

Xnoculation of tbe New Jersey Strain into Guinea. Pigs Previously Inoculated with the 

Palestine Strjun. 


Guinea pig 

No. 

First inoculation 

Besul ts ot second inoculation 
with N ew Jersey strain 

1 

Palestine strain 

Fever after 3 days 

0 

ft 

fi it Q it 


ft 

it a 7 it 

-i 

ff 

ft fi 7 a 

0 

ft 

No fever 

6 

ft 

} J M 

7 

ft 

ii ft 

S 

Not inoculated 

Fever after 2 days 

0 

) j ft 

if fi 3 ’ ’ 

10 

if it 

tj ft 3 tt 

11 

if ft 

a a 3 * * 


lysis tests are given in Table I. Strains of 
Leptospira canicola and Leptospira ictero- 
haemorrhagiae kindly supplied by Dr. R. E. 
Reiser were also included in this test. 

It can be seen in Table I that no marked 
cross reactions occurred v?ith the New Jersey 
and Palestine strains. Antiserum to the 
Palestine str^ did not cross react with the 
New Jersey strain, while the antiserum to 
the New Jersey strain showed a weak cross 
reaction with the Palestine strain in a dilu- 
tion of 1:20 (lysis.) and 1:200 (agglutina- 
tion). It is also clearly shown in Table I that 
serologically both bovine strains are different 
from L. icterohaemorrbaglae and L. canicola. 

Examination of sera jr07}i naturally in- 
fected C02VS. Sera from cows of the New 
Jersey herd which had recovered from an at- 
tack of the disease reacted strongly with the 
New Jersey strain^*^ but showed little if any 
reaction against the Palestine culture.^ The 
reaction of the sera of 2 cows taken at the 
onset of the disease and 20 and 38 days later, 
respectively, is given in Table II. The spe- 
cificity of the reaction with the New Jersey 
strain is clearly shown, for neither serum from 
the recovered animals agglutinated the Pales- 
tine culture. 

The sera of 10 cows which had shown typi- 
cal symptoms of the disease in ^lay 1946 
(bled 2 to 3 weeks after the onset of the ill- 
ness) reacted with the New Jersey culture in 
dilutions up to 1:20,000. One serum agglutin- 
ated the Palestine strain in a dilution of 
1:2,000. Of the bovine sera tested from both 
normal and recovered cases in the New Jersey 
herd, this was the only serum that agglutin- 


ated the Palestine culture in any dilution. 

Forty-sis sera from cows in a bam in which 

2 typical cases of abnormal milk (bloody or 
thick off-colored milk) had occurred 2 months 
earlier were tested against both strains. Eight 
of the sera gave a positive reaction wdth the 
New Jersey strain in a dilution of 1:200, and 
4 in a 1:2,000 dilution, thus suggesting that 
inapparent infections are not uncommon. 

Pathogenicity of the Strains for Guinea 
Pigs. A cross infection experiment was set 
up by inoculating guinea pigs first mth the 
Palestine strain and 3 weeks later with a New 
Jersey strain isolated from the milk of cow 
No. 1489. Each animal received intraperi- 
toneally one ml of a leptospira culture in 
fluid medium. The results are given in 
Table III. 

The guinea pigs showed no reaction fol- 
lowing the injection of the Palestine strain, 
confirming earlier observations.^ The New 
Jersey strain, however, produced fever in 
all control animals 2 to 3 days after the in- 
oculations Only one of the 7 guinea pigs, 
which had received the Palestine strain be- 
fore, developed fever 3 days after inoculation 
with the New Jersey strain. Three guinea 
pigs of the same group became febrile after 
an incubation period of 6 to 7 days (nearly 
twice as long as in the controls) while the 
remaining animals appeared normal during 
the entire period of observation. It is ob- 
vious therefore that, based on the develop- 
ment of fever, infection \vith the Palestine 
strain had produced complete immunity in 

3 guinea pigs and partial immunity in 3 
other animals out of a total of 7 tested. 
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. A comparison of Tables I and III shows 
that the serological examination, because it 
is quantitative, gave a better differentiation of 
the strains. Schueffner and Mochtar^ found 
in numerous experiments that guinea pigs 
that had recovered from infection with one 
strain of leptospira were protected against 
strains which serologically were unrelated. 

SSclmeffner, W., and Mocbtar, A., Z, f. BaU, 
AhU 1, Ortg.] 1526-27, 101, 405. 


Summary^ A study has been made of 
strains of leptospira recovered from an out- 
break of leptospirosis among cattle in New 
Jersey and a strain isolated from an outbreak 
of the disease in Palestine. Sera from recov- 
ered cattle as well as sera from immunized 
rabbits were used in agglutination and lysis 
tests and it was found that all the New Jersey 
strains reacted alike while the Palestine strain 
belonged to another serological group. 
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Effect of Antihistamines on Loss of Adhesiveness of Corneal Epithelium ' 
After Injection of Histamine* 

Heinz Herrmann. (Introduced by J. S. Nicholas.) 

. From Oshorji Zoological Lahoratorg, Yale University, Few Haven, Conn. 


In a previous paper^ we described the ef- 
fect of histamine on the adhesiveness of the 
corneal epithelium of excised bovine corneas. 
In amounts from 0.5 to 1.0 per cornea (600- 
800 mg wet weight) histamine caused a 
marked decrease in epithelial adhesiveness. 
In contrast to other agents which decrease ad- 
hesiveness by disruption at the stroma epi- 
thelium boundary, histamine seems to effect 
the detachment of the upper layers of the 
epithelium from the basal one. 

In view of the relatively high amounts of 
histamine required for this effect (about 10- 
100 times more than for relaxation of cats 
intestine) and of the gradual culmination of 
epithelial loosening it seemed desirable to 
compare the action on the corneal epithelium 
of Jiistamine alone and of mixtures of hista- 
mine with certain antihistamines. The same 
technic was used as described previously.^ 
Between 0.04 to 10 /tig of the antihistamines 
Avere injected together with a constant amount 
of 2 fig of histamine in a total volume of 0.2 
ml per cornea. At this concentration the 
antihistamines were found to have no ef- 
fect on the adhesiveness of the corneal epi- 

iHerrmann, S., Bull. Jo/nis Hopkins Hasp., 
1948, 82, 208. 


thelium. On injection of 50 yg per cornea 
or more, toxicity with loosening of the epi- 
thelium was observed for all antihistamines 
tested so far. The indicated amount of his- 
tamine was sufficient to cause loosening in 
all samples. The corneas were incubated for 
12 - 15 hours at 28 - 30®C. The adhesiveness 
was tested with a simple scraper which al- 
lows a semi-quantitative determination of the 
adhesiveness, the amount of removable epi- 
thelium being a function of the adhesiveness 
and of the weight on the scraping blade,- 
The procedure was simplified in the present 
series of experiments by keeping the pressure 
on the scraper constant (60 g) and recording 
the removal of more than 2/3 and of less than 
1/3 of the epithelium of the corneal test 
strip. After injection of histamine alone 
there was always under these conditions a 
removal of more than 2/3 of the epithelium. 
If antihistamines were injected simultaneous- 
ly the loss of adhesiveness was reduced to 
less than 1/3 depending upon the concentra- 
tion of the respective compound. 

In Table I our results are summarized 
designating protection with removal of less 

2 Herriijaim, H., aiul Hickninii, F . 11., Bull. 
Johns Hopkins Hasp., 1948, 82, 282. 
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TABLE I. 

Antagonhm io LoosODUig of Corneal Epithelium After Iniectiou of Histamine in its Dependence Upon 

Concentration of Antihistamines. . 


Amt of 
antihistamine 
per cornea 
in yg 

Pyribenzamine 

PTDA 

(01013) 

Antistine 

10.0 

d — b 


4-4-4- 

5.0 



4-4 

2.5 

"i — ~ 



1.0 


q. q, q- q- q. -p 4. ^ 4- 


0.6 

q — 


— 

0.4 

4- 4" “i" 4“ 4“ + + + + A* "b 


— 

0.3 

4^4“4- 



0.2 

-f 

4444 “ - 


0.1 

— 

4_j — > 


O.OS 




0.04 

+ 




Indicating removal of less than 1/3 of epithelium (protection) , 

-Indicating removal of more than 2/3 of epithelium (non-protection). 

Each sign stands for one cornea tested. Amount of histamine injected per cornea : 2 jug. 


than 1/3 Avith + and absence of protection 
with removal of more than 2/3 of the epithel- 
ium with — . It can be seen that pyribenz- 
amine and N - { 2-py ridyl) -N- ( 2-thenyl) -N' , 
N^-dimethylethyienediamine hydrochloride* 
provide protection in concentrations of less 
than 1/10 of that of histamine while the pro- 
tection by Antistine requires a concentration 
of 2-5 times that of histamine. 

* This compound is commercially designated as 
01013 and is listed in the table by the initials 
PTDA. 


SumjJiary. The loosening of the upper lay- 
ers of the epithelium of the excised bovine 
cornea by histamine is preveixted by simul- 
taneous injection of certain antihistamines. 
Three compounds found to be effective are 
Pyribenzamine, 01013, and Antistine. 

We are indebted for the supply of the antihis- 
tamines to Dr, B. X. Graver of the Ciba Phar- 
maceutical Products, luc. (Pyribenzamine, Anti- 
stiue), and to Dr. K. K. Cheu of EU Lilly Co. 
(01013). 



16771 

Serum Polysaccharide Level in the Normal State** 


U. R. Shetlar, Janeal Viilet Foster, Keith H. Kelly and :Mark R. Everett. 
Prom the Department of Biochemistry, University of Oklahoma School of Medicine, Oklahoma 

City, OkJa. 


Several investigations concerning the poly- 
saccharides of serum in both normal and 
pathological conditions have recently been 
published. Seibert and Atno,^ and Seibert, 
Seibert, Atno, and CampbelF have presented 

* Abided by a graut from the Oklahoma Division 
of the American Cancer Society and from the 
John Archer Hatchett Memorial Fund. 

I Seibert, P. B., and Atno, J., J. Biol Chem., 
1916, 103, oil. 


results of quantitative studies using the car- 
bazole method. Hinsberg and iSIerten^ pub- 
lished results using an acid hydrolysis pro- 
cedure while Lustig^ et al, have reported 
several studies using an orcinol method. Nil- 

2 Seibert, P. B., Seibert, M. V., Atno, A. J., and 
Campbell, H. W., <7. Clbu Invest, 1947, 20, 90. 

SHinsberg, K., and Merten, B., Z, Klin. Med., 
193S, 133, 70 j Brit. Chem. Bhysiol Ahsts., 1939 V 
III, 357. 
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son'* reported elevation of the glucosamine 
level of serum in pneumonia. His values for 
average normals were: for adults 77 mg % 
and for fetal serum 32 * mg %; pneumonia 
serum averaged 183 mg %. West, Clarke, 
Kennedy® reported elevations in serum glu- 
cosamine in infections, disseminated malig- 
nant disease, and sterile infarcts. 

As this laboratory is engaged in a study of 
the animal polysaccharides in relationship to 
malignancy, using a tryptophane method^ 
for the determination of non-glucosamine 
serum polysaccharides it was necessary to 
investigate the normal polysaccharide pattern 
as well as that of as many pathological con- 
ditions as possible. It is the purpose of this 
paper to present the results of a complete 
study of normal subjects. The results of our 
study of pathological conditions will be pub- 
lished at a later date. 

In order to give a more complete picture, 
non-glucosamine polysaccharide, glucosamine, 
tyrosine, and total protein determinations 
were made on ethanolic precipitates from the 
same serum. 

Experimental, Chomcal methods. Non- 
glucosamine polysaccharide was determined 
as described in a previous publication.^ Total 
protein was determined, after precipitation of 
the serum protein with ethanol, by a micro 
kjeldahl procedure. 

Preliminary work with the West, Clarke 
and Kennedy® method for determining glucos- 
amine indicated that a considerable colora- 
tion could be developed with serum hydroly- 
sates without the acetylacetone coupling re- 
action, consequently the method was modihed 
as follows to give a blank for each hydroly- 


Hydrochloric Acid. 3. 2.S Sodium Hy- 
droxide. 4. 2.5 iV Hydrochloric Acid. 1 
Acetylacetone Solution: 0.2 ml of acetylace- 
tone dissolved in 10 ml of 0.5 M Sodium 
Carbonate (53 g NaoCOs per liter of solu- 
tion). This solution must be freshly pre- 
pared, before using. 6. Ehrlichs reagent: Dis- 
solve S g of p-dimethylaminobenzaldehyde In 
190 ml of absolute ethanol and then add 190 
ml of concentrated hydrochloric acid. 

Procedure, Add 1 ml of serum -drop by 
drop to 18 ml of absolute ethanol contained 
in a 15 x ISO mm pyrex test tube. Allow to 
stand 5 minutes and centrifuge. Pour off 
the supernatant liquid and invert the tube to 
drain the excess alcohol from the precipitate. 
Add 2 ml of water to the precipitate and stir 
with a glass rod. Add 2 ml of 8 N HCl and 
hydrolyse the mixture in a boiling water 
bath under reflux for 4-5 hours. 

Filter through Whatman No. 1 filter paper 
into 10 ml volumetric flasks. Make up to 
volume and mix. Pipet I to 2 ml of the solu- 
tion into three 15 ml calibrated centrifuge 
tubes, add a drop of phenolphthalein indicator 
to each and carefully neutralize with 2.S N 
sodium hydroxide. Make slightly acid by 
adding a drop of 2.5 N hydrochloric acid. 
Add water to bring total volume to 3,5 ml. 
Add 2 ml of the acetylacetone solution to 2 
of the tubes and 2 ml of 0.5 M Na^CO^ to 
the third, which serves as a blank. Stopper 
lightly and place in a boiling water bath for 
20 minutes. 

Remove from bath and cool below 37.S°C. 
Make volume to 10 ml with absolute ethanol. 
Add exactly 2 ml of Ehrlichs solution and 
mix. Stopper lightly and incubate in 37.5°C 
oven for 45 minutes. Determine optical 


sate. 

Reagents. 1. Absolute Ethanol. 2. 8 N 

•iXiustig, B., aiiU Bacgcrt A., Biochon, Z.y 1931, 
342, 321; Lustig, B„ and Nassau, E., Am. Bcv. 
Titbcrcidosi^, 1941, 43, SI / ; Novak, J., and Bus- 
tig, B., J. Mount Sinai I/osn., 1947, 14, 534, 

S Nilsson, I., Bioccni. 1937, 301.* 254. 

0 West, E., Clarke, B. H., and Kennedy, E. M., 
J, CUn, Invest., 1938, IT, 173. 
ij TShetlar, M. B., Foster, .T. V., and Everett, 
W, B., ruoc. Soa Exp. Biol, and 1948, 07, 

\ 125 . 


density in Coleman 11 Spectrophotometer at 
a wave length of 540 m/t. Read each sample 
against its repective blank. A standard con- 
taining 100 /xg of glucosamine-HCl (83.4 f/g 
glucosamine) is subjected to the same pro- 
cedure with each set of samples. 

Calcidatianss 
Kx X S3.4 X 10 

.... ^ of glucosammo per ml of 

Ks X V bcrnin 

Kx Optical density of sample 
Ks = optical de.nsity of standard 
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TABLE I. 


Summarv of the Xon-glucosamine Polysaccharide, Glucosamine, Total Protein and Tyrosine Content of 

Normal Serum. 


Group 

No. 

Polysaccharide, 

njg% 

Polysaccharide, 
as % of protein 

Glucosamine, 
rug % 

Total protein, 

% 

Fetal 

15 

80 (62-103) 

1.41 (1.05-1,77) 

4S (42-55) 

5.68 (4:.26-6.76) 

Cluldreu (3*8 yrs) 

8 

105 (91-118) 

1.60 (1.47-1.82) 

63 (52>69) 

6.59 (5.40-6.48) 

Young adults; 

Alales {21-32 yrs) 

18 

110 (93-126) 

1.5S (1.26-2.02) 

66 (62-78) 

6.98 (6.00-7.48) 

Females (22-19 yrs) 

10 

111 (100-125) 

1.58 (1.42-1.81) 

68 (61-78) 

7.01 (6.26-7.33) 

Aged (61-83 yrs) 

15 

129 (104-138) 

1.79 (1.62-2.06) 

81 (70-89) 

7.20 (7.0D-7.68) 


(Figures In parenthesis indicate the high and low figures in each group.) 


V = volume of aliquot of hydrolysate 
Selection of Subjects, A group of young 
adults was selected at random from volunteer 
medical students who had no recent history 
of any pathological condition. The children’s 
group was obtained from a local orphanage. 
The aged group comprised selected subjects 
from the outpatient clinic who had only psy- 
chosomatic complaints or fully matured cata- 
racts, or patients selected from a State Men- 
tal Hospital. The latter patients were se- 
lected ivith the aid of the institutional staff 
who ivere familiar with the condition of each 
patient through observation over a consider- 
able period of time. These patients were in 
excellent physical condition aside from men- 
tal deterioration. The fetal blood samples 
were drawn by needle from the umbilical 
vein of the cord on the placental side im- 
mediately after clamping and cutting the 
cord. 

Results, As it is impossible to include the 
actual analyses of all cases, a summary of 
normals is shown in Table I. The original 
data were treated to statistical analysis, in 
which the averages of the different groups 
were compared by the following formula 
from Rider. ^ 




NN-fN-— 2^ ' 

‘ ^ N 1 N 2 ^ 


Xi and Xz are the averages of the respective 
groups, Ni and Ns are the number of indi- 
viduals in the respective groups, and Sr and 
Sr are the variances of the respective groups. 
This comparison is summarized in Table II. 

From the data it appears that both the poly- 

s Bidet, P. B., Modem Statistical Methods, John 
"Wiley Si Sons, New York. 


saccharide and glucosamine associated with 
serum protein tends to increase with age. 
Levels of fetal individuals are significantly 
lower than those of young adults, while levels 
of aged persons are significantly elevated. The 
levels for children were found to be lower than 
those for young adults, but the differences 
were not striking. The difference is not entire- 
ly proportional to levels of the serum protein 
in the various groups, although fetal serums 
were significantly lower in protein content. 
When the polysaccharide content for each 
sample is divided by the corresponding total 
protein, and the data treated to statistical com- 
parison, the “t” value for the fetal group as 
compared to the young adult group is 2.669, a 
figure which is significant at the 2^ level. 

Since the interrelationships between the dif- 
ferent components are important, total protein, 
non-glucosamine polysaccharide, and glucosa- 
mine levels of sera from the young adults were 
tested for correlation. The multiple correla- 
tion coefficient for these three factors was 
found to be 0.601, a value which is significant 
at the Ifo level (“t” value — 3.76). The par- 
tial correlation between protein and polysac- 
charide independent of glucosamine, was 
found to be 0.576, and the partial correlation 
between polysaccharide and glucosamine, in- 
dependent of total protein, was found to be 
0.658. Both of these figures are significant at 
the 1% level. The correlation between glu- 
cosamine and total protein, independent of 
non-glucosamine polysaccharide was found to 
be 0.251, a figure which failed to be signifi- 
cant. The reason for this lack of correlation 
is not immediately apparent. 

If all the polysaccharides of serum are com- 
posed of equimolecular proportions of man- 
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soa** reported elevation of the glucosamine Hydrochloric Acid. 3. 2.S N Sodium Hy- 
level of serum in pneumonia. His values for droxide. 4. 2.5 N Hydrochloric Acid. 5. 
average normals were; for adults 11 mg % Acetylacetone Solution: 0.2 ml of acetylace- 
and for fetal serum 32 mg %; pneumonia tone dissolved in 10 ml of 0.5 M Sodium 
^rum averaged 183 mg %. West, Clarke, Carbonate (53 g NaoCOa per liter of solu- 
Kennedy^ reported elevations in serum glu- tion). This solution must be freshly pre- 
cosamine in infections, disseminated malig- pared, before using. 6. Ehrlichs reagent: Dis- 
nant disease, and sterile infarcts. solve 5 g of p-dimethylaminobenzaldehyde in 

As this laboratory is engaged in a study of ^^0 ml of absolute ethanol and then add 190 
the animal polysaccharides in relationship to ^ concentrated hydrochloric acid, 
malignancy, using a tryptophane method"^ Procedure. Add 1 ml of serum -drop by 
for the determination of non-glucosamine IS ml of absolute ethanol contained 

serum polysaccharides it was necessary to In a IS x 150 mm pyrex test tube. Allow to 
investigate the normal polysaccharide pattern stand 5 minutes and centrifuge. Pour off 
as well as that of as many pathological con- supernatant liquid and invert the tube to 
ditions as possible. It is the purpose of this drain the excess alcohol from the precipitate, 
paper to present the results of a complete -^dd 2 ml of water to the precipitate and stir 
study of normal subjects. The results of our 'vith a glass rod. Add 2 ml of 8 N HCl and 
study of pathological conditions will be pub- hydrolyse the mixture in a boiling water 
lished at a later date. bath under reflux for 4-5 hours. 


In order to give a more complete picture, 
non-glucosamine polysaccharide, glucosamine, 
tyrosine, and total protein determinations 
were made on ethanolic precipitates from the 
same serum. 

Experimental. Chemical methods. Non- 
glucosamine polysaccharide was determined 
as described in a previous publication.^ Total 
protein was determined, after precipitation of 
the serum protein with ethanol, by a micro 
kjeldahl procedure. 

Preliminary work with the West, Clarke 
and Kennedy^ method for determining glucos- 
amine indicated that a considerable colora- 
tion could be developed with serum hydroly- 
sates without the acetylacetone coupling re- 
action, consequently the method was modified 
as follows to give a blank for each hydroly- 


Filter through Whatman No. 1 filter paper 
into 10 ml volumetric flasks. Make up to 
volume and mix. Pipet 1 to 2 ml of the solu- 
tion into three IS ml calibrated centrifuge 
tubes, add a drop of phenolphthalein indicator 
to each and carefully neutralize with 2.5 N 
sodium hydroxide. jMake slightly acid by 
adding a drop of 2.5 iV hydrochloric acid. 
Add water to bring total volume to 3.5 nd. 
Add 2 ml of the acetylacetone solution to 2 
of the tubes and 2 ml of 0.5 M Na^COs to 
the third, which serves as a blank. Stopper 
lightly and place in a boiling water bath for 
20 minutes. 

Remove from bath and cool below 37.5°C. 
Make volume to 10 ml with absolute ethanol. 
Add exactly 2 ml of Ehrlichs solution and 
mix. Stopper lightly and incubate in 37.5^C 
oven for 45 minutes. Determine optical 


sate. 

Keagents. 1. Absolute Ethanol. 2. 8 N 

Lustig, B 7, and Lauger, A., Biochem. Z., 1931, 
343, 321; Lustig, B., and Nassau, E., Am. Bcv. 
TuherculosiSf 1941, 43, 817 ; Novak, J., and Lus- 
tig, B., J. Mount Sinai Bosp., 1947, 14, 534. 

5 Nilsson, I., Biocctn. 1937, 201,. 254. 
a West, R., Clarke, D, H., and Kennedy, E, M., 
1 ! J. Clin. Invcst.f 1938, 17, 173. 

TShetlar, R., Foster, J. V., and Everett 
bf, R., Pboc. Soc. Exr. Biol, .vxd 1948, 07, 
\ V X25. 

\\ 


density in Coleman 11 Spectrophotometer at 
a wave length of 540 m/t. Read each sample 
against its repective blank. A standard con- 
taining 100 pg of glucosamine-HCI (83.4 pg 
glucosamine) is subjected to the same pro- 
cedure with each set of samples. 

Calculationss 

Kx X 83,4 X 19 ^ ^ 

. ~ of gIueo»ammc per nil or 

Ks X V serum 

Kx = optical density of sample 

Ks = optica] density of standard 
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normal persons including fetal, children, 
young adult, and aged representatives. 

The serum polysaccharide (both non-glu- 
cosamine and glucosamine) was lowest in the 
fetal group and highest in the aged repre- 
sentatives, the children and young adult 
groups being intermediate, thus showing a 
tendency to increase with age. 

Concentrations of serum polysaccharide 
(both non-glucosamine and glucosamine) for 
young adults were significantly higher than 
those of fetal serums, and significantly lower 
than for the aged. The total protein for young 


adults was significantly higher than in fetal 
sera. Significant positive correlations* were 
found between non-glucosamine polysaccha- 
ride and total protein and also between non- 
glucosamine polysaccharide and glucosamine. 

In the same individual, non-glucosamine 
serum polysaccharide and glucosamine were 
subject to about the same variation as serum 
protein over a period of sixteen months. Small 
variations in diet appeared to have little ef- 
fect. No appreciable changes occurred in 
serum polysaccharides during the menstrual 
cycle. 


16772 

Failure of Trypan Red to Protect Against Certain Neurotropic Viruses 
(“M.M.” and Russian Spring-Summer Encephalitis).* 

W. ]McD. HAAiiiON, R. B, Aird and Gladys Sather. 

From the George Williams Hooper Foundation for Hedieal Fesearcli, and the Division of 
2^eurologg of the University of Calif orniOj San Francisco, 


Investigations by Aird^ on brilliant \utal 
red and by Aird and Strait- on trypan red 
have shown these supra-vital dyes to affect 
the distribution of intravenously injected co- 
caine within the central nervous system. This 
was presumably due to an alteration of the 
permeability of the blood-brain barrier since 
the amount of cocaine reaching the cerebral 
cortex of cats receiving the dyes was de- 
creased by 31% as compared with the con- 
trols not receiving the dyes. As a result of 
these studies and others, the question was 
raised as to the possible protective effect of 
these substances against infection of the cen- 
tral nervous system by neuro tropic viruses. 
Due to the interruption of our studies by the 
late war we were unable to engage in experi- 
mental work along these lines. 

* Aided by a grant from the National Founda- 
tion for Infantile Paralysis, Inc., and tbe Christine 
Breon Fund, 

1 Aird, jR. B., Arch. A'eurol. and Fsychiat,, 1939, 
412, 700. 

2 Aird, B, B., and Strait, L., Arch. XcuroL and 
Fsychiat., 1944, 51, 54. 


Wood and Rusoff^ claimed to demonstrate 
the protective effect of trypan red on the 
“AI. AI.” virus."^ Unfortunately, Wood and 
Rusoff inoculated the dye repeatedly by the 
intraperitoneal route and subsequently inocu- 
lated the virus b}’’ the same route. It has been 
the general experience of bacteriologists and 
immunologists that a local, non-specific pro- 
tection against most infectious agents is set 
up in the peritoneal cavity by many types of 
inert substances when given previously by 
the same route. 

Further studies on the possible protective 
effect of the supra-vital dyes against virus 
infections of the central nervous system, 
therefore, appeared indicated. Considering 
the mode of action of the dyes, it seemed 
wise to select viruses capable of infecting 
the central nervous system w^hen inoculated 
by a peripheral route, as opposed to viruses 
requiring direct inoculation into the central 

3 Wood, H. G., and Busoff, I. I.. J. Exp. Med., 
1945, 82, 297. 

•ijungeblut, C. W., and Dalldorf, G., Am. J. 
Puh. Health, 1943. 33, 1G9. 
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Normal Serum Polysaccharide Levels 


TABLE IL 

- Statistical Comparisou of Besulta on yormal Subjects. 


Constituent 

Groups compared 

Differenee % 

t 

D.F. 

Total protein 

-‘Male V. female 

0.03 

1.2S0 

26 

Polysaccharide 

a >> yt 


1.13 mg 

0.066 

26 , 

Glueosamine 

J f M 13 


l.oG 

0.C4S 

26 

Total protein 

Young adults 

\\ fetal 

1.31 

7.941* 

41 

Polysaccharide 

3 3 3 3 

3 3 3 3 

30.37 ” 

9.230* 

41 

Glucosamine 

3 3 33 

3 3 3 3 

19.13 

12.003* 

41 

Total protein 

Young adults 

V. children 

0.40 

2.185 1 

34 

Polysaccljaride 

yy 3 3 

3 3 yy 

5.45 

1.445 

34 

Glucosamine 

13 33 

3 3 3 3 

3,75 

1.797 

34 

Total protein 

Young adults 

V. aged 

0.22 

1.707 

41 

Polysaccharide 

3 > yy 

3 3 3 3 

" —18.22 ' ' 

0.107* 

41 

Glucosamine 

3 3 33 

3 3 1 J 

—13.53 ” 

7.517* 

41 


^ Significant at the 1% 3 eve], 
t Significant at the 5% level. 


nose, galactose, and glucosamine, the glucosa- 
mine content divided by the non-glucosamine 
polysaccharide should be 0.498, The actual 
average figures ^Yere found to be as follows: 
Fetal 0.593, children .0.598, young adults 
0.609, aged 0.626, weighted average 0.607, 

The probability that the difference be- 
tween the actual figure (0.607) and the 
theoretical value (0.498) could have arisen by 
chance is only 2.33 in 100, consequently it 
appears that all serum polysaccharides are 
not potymers of galactose-mannose-glucosa- 
mine in equimolecular proportions. There 
also appears to be a tendency for the ratio 
to increase with age, however this increase 
was not significant -on the basis of the data 
obtained in this study. 

Varidtiou jroM time to time. In order to 
check the variability of serum polysaccharide 
in an individual, from time to time, samples 
were secured periodically over a period of 16 
months. During this period the non-glucosa- 
mine polysaccharide varied between 110 and 
122 mg the glucosamine between 70 and 
78 and the protein between 7.20 and 

7 95% This variation in polysaccharide 
is somewhat smaller than that recorded by 
Seibert and Atno,^ and suggests that the poly- 
saccharide level in healthy individuals is 
subject to about the same variation as the 

No significant difference 
was found in the polysaccharide levels deter- 
mined on the same person fasting, 1 hour 


after a large meal, or 4 hours after the same 
meal (non-glucosamine polysaccharide levels 
of 115, 122 and 120 mg % respectively). 
Oral administration of 25 g mannose, 100 g 
galactose, or 50 g glucosamine caused no sig- 
nificant change in the polysaccharide level 
after 3 hours, 24 hours, or 72 hours. The 
polysaccharide levels were not appreciably af- 
fected by fasting (for 31 and 55 hours), by a 
high protein diet, by a low protein diet, or by 
high water intake (for 33 hours). 

Stability of serum polysaccharide during 
storage. Data obtained from serum kept in 
the refrigerator for various lengths of time are 
recorded in the following table: 


Bays stored Pol vs.^eclia ride T. protein Glut-osinnine 


0 120 

1 117 

2 115 

3 lU 

7 115 


7.20 75 

^ 73 

-- 73 

76 

7.32 74 


Effect of menstrual cycle. Polysaccharide, 
glucosamine, and total protein determinations 
were made on the serum of 2 normal females 
at various times during the menstrual cycle 
(on the 2nd, 4th, 14th, 17th, and 22nd days 
of the cycle). Both subjects had normal 28 
day cycles. The polysaccharide level varied 
between 111 and 118 mg % in one subject 
and 108 and 124 mg % in the other with no 
apparent correlation between the menstrual 
cycle and the polysaccharide level. 

Summary and conclusions. Studies of serum 
polysaccharides were made on a total of 66 
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terpret the apparent protective effect ob- 
tained by Wood and Rusoff^ as being due to 
a well recognized and non-specific peritoneal 
protection afforded by certain inert substances 
when injected previous to the inoculation of 
infectious agents by the same route. Our re- 
sults suggest that these two neurotropic 
viruses do not enter the central nervous sys- 


tem directly by way of the vascular channels 
as is the case with such an agent as cocaine, 
the passage of which into the central nervous 
system tissue may be altered b}'" trypan red. 

We msli to acknowleilgc the technical assistance 
of Doctor David Zealear and ^Miss Sylvia Dowditch 
in one phase of this study. 


16773 

Unidentified Gi‘owth Factoi"(s) Needed for Optimum Growth of 

Newborn Pigs, 

A- L. Neumann, J. L. Krider and B. Connor Johnson 
From ihe Department of Animal Science aiiA the Division of Animal Xtctritiony University of 

Illinois, Urhana. 


An unidentified growth factor (s) (the 
animal-protein factor, factor X/ vitamin 
Bisr vitamin Bi 3 ,^ etc.) has been reported to 
be present in certain concentrates such as 
anti-pernicious anemia liver extract. It has 
been reported that this factor (s) will improve 
the growth rate of the rat,^ the dog/’ the fox,® 
and the chick 

Since it has been shown®*® that newborn, 
pigs can be raised successfully to weaning age 
on a synthetic ration made up to simulate 
milk, this appeared to be a suitable technic 
for determining whether the pig requires such 
an identified growth factor (s). Carey et al} 

1 Cary, C. A., Hartman, A. M., Dry den, L. P., 
and Likely, G. D., Fed. Proc., 1916, 5, 128. 

- RiekciJ, E. L., Brink, N. G., Koniusky, P. B., 
Wood, T. R., and Folkcrs, K. F., Science, 1948, 
107, 396. 

Novak, A. F., and Hauge, S. M., J, Biol. 
Ckem., 1948. 174, 647. 

W. G., and Elvekjem, C. A., J. DioL 
Chenu, 1947, 100, 287. 

Ruegamer, W, R., Torbet, N., and Elvehjem, 
C. A., Fed. Proc., 1947, O, 1S7. 

« Schaefer, A, E., AVhitehair, C. K., and Elveh- 
jem, C. A., Fed, Proc,, 1947, 6, 420. 

Novak, A. F., Hauge, S. M., and Cartick, C. 
W., Pouiiry Sci„ 1947, 20, 604. 

» Johnson, B. C., James, M. F., and Krider, 
J. L., J. Animal Set, 1947, 6, 48G. 

»Jl»id., J. *4nimnl Sci,, 194S, 7, 486. 


have reported that casein supplies significant 
amounts of factor X to the rat, and for this 
reason the “vitamin-free” casein used in pre- 
vious studies®*® was replaced in the first ex- 
periment by an isolated soybean protein 
(alpha-protein).* Methionine was added to 
the diet, since this alpha-protein is deficient 
in sulfur amino acids The composition of 
the rations fed is given in Table I. 

ExperiviejitaL Experiment I. Seven 2-day- 
old Duroc Jersey-Chester White cross-bred 
pigs from the same litter were divided into 3 
groups on the basis of weight and age. The 
pigs were housed in individual raised wire 
cages in a heated building and were fed the 
following diets ad libitum. Group 1 received 
the casein “synthetic milk” ration® (Diet A, 
Table I); Group 2 received the alpha-pro- 
tein “synthetic milk” (Diet B); and Group 
3 received Diet B plus Reticulogen,! a 20- 
unit/ml anti-pernicious anemia liver extract- 
individual feed consumption records were 

10 Grau, C. R., and Almquist, H. J., J. Kntrition, 
1943, 26, 631. 

* The alpha-protein was generously supplied by 
the Glidden Co., Chicago, III., through the courtesy 
of Dr. J. L. Gabby. 

i The reticulogen (20-unit anti-periueious ane- 
mia liver extract) was generously supplied by Eli 
Lilly and Co., Indianapolis, Ind., through the cour- 
tesy of Dr. E, C. Kieiderer, 
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Trypan Red and Neurotropic Viruses 


TABLE I. 

Effect of. Trypan Bed on Bnssiaa Spriag-Suaiiiier Eiicepliaiitis Tirua in iMiee. 


Bate of exx^erinient 

of mice 

controls 

trypan red 

Difference 

8/27/46 

CO 

5.75 

5.75 

0.00 

1/20/47 

78 

5.76 

6.44 

-fO.GS 


TABLE II. 




Effect of Trypan Bed 

on 

Virus in !Mice. 




LBso 

LB 50 

LI)5o 

Bate of experiment 

!No. of mice 

controis 

trypan red 

Bifferciiee 

5/23/47 ^ 

47 

5.03 

5.52 

— 0.11 

23 

47 

6.42 

0.38 

—0.04 

7/lC 

80 

0.08 

5.08 

—0:40 

10/25 

189 

6.48 

0.33 

—0.15 


nervous system. Our experiments were, 
tlierefore, planned to employ the same virus 
used by Wood and Rusoff, and in addition the 
Russian spring-summer encephalitis virus 
(Sophy strain-eastern type).t Both of the 
viruses infect readily by the intraperitoneal 
and otirer peripheral routes. The route or mode 
of invasion of the central nervous system, 
however, is as yet unknown for both viruses. 
It is entirely possible that they are not car- 
ried by the blood stream (as is cocaine) but 
may invade through peripheral nerves. 

Mice were inoculated repeatedly as indi- 
cated below, with 1 % trypan red in saline by 
the subcutaneous route over a period of several 
days. This resulted in their skin assuming 
a bright reddish tint. Controls were given 
saline in the same dosage. Following this 
preparation all mice were inoculated with 
one or the other of the viruses by the intra- 
peritoneal route. Serial dilutions of the virus 
were prepared from frozen ampoules and four 
10-fold dilutions were selected to cover the 
range of virus from that which would kill 
all mice to that which would not kill any. 
The LD-50 was calculated by the method of 
Reed and Muench.® 

Russian Spring-summer virus. The mice 
were prepared by 7 subcutaneous inoculations 
of 0.1 to .05 cc of 1 % trypan red or with 

"Tobtained througli the courtesy of the Amy 
Medical Department Virus and Eiekettsia Labora- 
tories. 

sReea, L. J.» and iMueucli, II.> Jm. J, Hyo-s 
1938, S7, 493, 


saline over a period of 4 weeks. Five days 
after the last injection the virus was inocu- 
lated intraperitoneally. The results of 2 
consecutive experiments employing 138 mice 
are shown in Table I. It will be noted that, 
if any effect was produced, the mice inocu- 
lated with the dye were the more susceptible. 
In our opinion, however, the difference shown 
is not significant. 

il/."' virus. In these experiments less 
dye was given. The dosage given by Wood 
and Rusoff was followed exactly: 0.1 cc of 
a 1 % solution- being injected on 3 successive 
days. The virus was given one day after the 
last dye injection. As in all our tests the 
dye was given subcutaneously and the virus 
Intraperitoneally. The results of 4 successive 
experiments employing 363 mice, are sho^^^l 
in Table 11. It may be observed that the 
differences between the controls and those 
inoculated with dye ranged from 0.11 to 0.40 
log and never attained a significant difference. 
However, in each experiment the small dif- 
ferences which did appear always occurred in 
the same direction; a lower LD-50 in timse 
receiving the dye. It was felt tliat this effect, 
however, could well be due to chance alone. 
Conclusions. Trypan red failed to produce 
a significant protection against Russian 
Spring-summer encephalitis virus and 
virus when the dye was injected subcutan- 
eously and the virus was inoculated by the 
intraperitoneal route. These experiments fail 
to confirm the results of others who injected 
both dye and virus intraperitoneaJIy. We in- 
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Fig. 1. 

Averago g.uas expresserl as ratio of ^Yeig!lt to 
initial weight. 

improvement in thrift, size, condition and 
amount of haircoat, and soundness of feet 
and legs when Reticulogen was given as a 
source of the unidentified growth factor (s). 

Normal hemoglobin levels and normal red 
and white cell counts were found in all pigs 
at S weeks.^ 


At the close of the experiment all pigs ^Yere 
placed together and given access to green 
pasture and a good farm ration for weanling 
pigs. After 3 weeks there had been prac- 
tically no gain in the pigs from Groups 1 .and 
2j while those from Group 3 continued to gain 
normally. Only after 5 w^eeks on a good farm 
ration did the pigs on the unsupplemented 
rations overcome their growth factor (s) de- 
ficiency. 

Experiment 2. In order to confirm the re- 
sults of Experiment 1 in which onl\^ a small 
number of animals were used, a second ex- 
periment was carried out in which 21 two- 
day-old Duroc- Jersey pigs were used. In this 
experiment vitamin- free casein w'as used as 
the protein source in the ration, since the re- 
sults of Experiment 1 had indicated that this 
vitamin-free casein was almost as deficient in 
the unknowm factors present in Reticulogen 
as was alpha-protein. 

The basal ration (Diet A, Table I) was fed 
to a group of 9 baby pigs. Another group of 
12 baby pigs received the same ration plus 
0.25 ml of Reticulogen per pig daily. The 
pigs were housed and fed as in Experiment 1, 

Again, after the S-week experimental 
period, the animals in the group receiving 
Reticulogen had gained significantly more 
than those on the basal ration (P ~ <0.001). 
These results are summarized in Table III. 

Fisher, R. A., Statistical Aletliods for Re- 
search Workers, 9th Ed., Oliver and Boyd, Ltd., 
London, 1944. 

'^We are indebted to Br. Marian F. James for 
tliese determinations. 



riG. 

a 3 lots. Left, Pig. Ko. 1 from the casein lot. Middle, Pi«- 

d, from the alpha-vrotem lot. Right, Pig ICo. 6, from the alpha-protein -f Reticulogen ioL 


Middle, Pig Xo, 
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TABLE I. ‘ , 

Composition of “Synthetic Jlilk” Eatious. 


Diet A 

Diet B 


Casein diet- 

Alpha protein diet 


(Group 1) 

(Group 2 and 3) 

Casein (Labeo, vitamin-free) 

30 


Alpha protein (isolated soybean protein) 


29.7 

Methionine* 



0.3 

Glucose (cerelose) 

37.4 

37.4 

Mineral salts t 

6.0 

G.O 

Lard 

26.6 

26.6 

Ketieulogen 


.. 0.33 ml/pig/day 


Group 3, 
. Expt. I 


Made up. and homogenized into a milk containing 13% solids including 4% lard niquid 
oasis). 


The following vitamins t were added per 1000 g of milk; 


Thiamine 
Kiboflavin. 

Pyridoxine 

Calcium pantothenate 
. Inositol 
Choline 
Nicotinic acid 


0.65 mg p-aminobenzoic acid 

1.30 ** Pteroylglutamic acid 

1.30 Biotin 

7.8 a-tocopherol acetate 

26.0 ^ ' 2-u\etbyl-l,4: naphthoquinone 

260.0 '' Vit. A 

2.67 ” Vit. V 


2.6 mg 
0.052 
0.01 
1.0 

0.26 ** 
1000 I.tj* 
100 


* The di-methionine was furnished by E. I. DuPont de Nemours and Company, Inc., New 
Brunswick, N.J. 

t See Johnson et al.o 

f The thiamine chloride, riboflavin, pyridoxine hydrochloride, calcium pantothenate, nico- 
tinic acid, biotin, and a-tocopherol acetate used in this experiment were generously supplied by 
Hoffman-La Eoehe, Inc., Nutley, N. J. Pteroylglutaniic acid was supplied by the Iicderle 
Laboratories Division, American Cyanamid Co., Pearl Biver, N. Y. Inositol was donated by 
A. E. Staley Manufacturing Co., Decatur, III. Hyflavin (a highly water-soluble riboflavin) was 
furnished by Endo Products, Ine., New York City. 


TABLE II. 

Eesults of Experiment I. 

Groups and treatments 


Items compared 


No. of pigs started 
Av initial wt, g 
’ * wt at 21 days, g 
* * final wt, g 

' ’ daily gain during test, g 
to 21 days, g 
” 21 to 56 days, g 


I 

II 

III 


Isolated soybean 

Same as II 

Casein 

protein milk 

plus 

milk 

plus DL-niethionine 

reticulogen 

2 

o 

3 

1780 

1785 

1523 

6940 

6125 

5600 

14610 

13530 

19960 

231.5 

209.8 

326.9 

245.2 

206.6 

195.2 

222.5 

211.6 

404.1 


kept and the pigs were weighed at weekly 
intervals. 

Reticulogen was given to the pigs in Group 
3 at the rate of 0.33 ml per pig daily. ^ To 
reduce intestinal synthesis of .unidentified 
growth factors, sulfathaladine^ was added to 
the diet at the rate of 2 g per liter of milk. 
The fat-soluble vitamins were added to the 

fsulfathalidine (phthalylsulfatliiazole) was 
generously supplied by Sharp and Dohiue, Philadel- 
phia, Pa., through the courtesy of Dr. S. F. Slieidy. 


milk during homogenization, and the water- 
soluble vitamins were added to the milk at 
the time of feeding. 

The gains as ratios of attained weight to 
initial weight for the 3 groups are plotted in 
Fig. 1, and the data are summarized in Table 
II. At 8 weeks the pigs in Group 3 (Reticu- 
logen) had gained significantly more than 
those in Group 2 (P = 0.007)^^ or tho.se in 
Groups 1 and 2 (P < 0.001).^^ 

The photographs in Fig. 2 illustrate tlie 
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TABLE I. 



Total 

No. 

animals 

No. 

animals 

without 

groirth 



No. of animals Avith growth 



Treatment 

wk 

2 

wk 

3 

wk 

4 

wk 

5-7 

AVk 

8-12 

wk 

12-16^ 

wk 

Glidden 

Progesterone 

Oestradiol 

26 

4 

1 ( 3 ) 

11(10) 

20(9) 

22(2) 

22(0) 

22(0) 

22(0) 

18 

9 

0 

0 

0 

2(2) 

4(2) 

9(5) 

1(1) 

Progesterone* 

8 

7 

0 

0 

0 

0 

0 

0 

Control 

18 

14 

0 

0 

0 

0 

0 

1(1) 

4(3) 


Incidence and time of apparent subcutaneous gro^s*tb of tumor 18C57) with different hormono 


The numbers in brackets are the numbers of animals showing first gro'wth in that period while the 
unb racketed numbers arc total tumor takes through that period. 

* ^^Proluton*' obtained througli the courtesy of the Scheriug Corp., Bloomfield, N. J,, containing 
5 mg progesterone/cc. 



TABLE II. 




No. animals 

Treatment 

Total No. animals 

showing growth in 6 Avk 

Glidden Progesterone 0.05 cc two 
times per Aveek 

31 

28 

Oestradiol 0.05 cc two times per week 

9 

5 

Progesterone* (“Prolutou”) 0.1 ec 
tAYo times per week 

4 

0 


Number of animals treated and showing growth of tumor w'ithin 6 Aveeks with 3 types of 
hormone treatment, 

*''Proluton" obtained through the courtesy of the Schering Corp,, Bloomfield, N. J., con- 
taining 5 mg progestcrone/cc. 


Growth of one of the transplanted tumors 
occurred but rarely and only after a long time 
in intact or castrated animals with and with- 
out estrogen treatment. In castrated animals 
treated with the crude progesterone, growth 
of the tumor occurred in some cases within 
10 days. Subsequent study has confirmed 
this finding plus additional information. 

Methods^ Mice of the C57 strain ap- 
proximately 2 to 3 months of age were cas- 
trated and a small piece of tumor Avas trans- 
planted subcutaneously in each animal. The 
tumor was obtained from' a first generation 
subcutaneous transplant. Injections were 
started on the day of transplantation. To 
facilitate injection, the crude material was 
diluted by adding 1 part Ethanol to 4 parts 
of the compound. The test animals in the 
first group, received 0.05 ml of the diluted 
‘'progesterone compound'' 3 times per week. 
Subsequent series received the diluted ma- 
terial 2 times per week. Control animals were 
set up in 4 groups: Group one received es- 
tradiolbenzoate (25 pg in 0.05 cc sesame oil 


2 times a week) ; Group 2 received Ethanol 
(1 part to sesame oil 4 parts, 0.05 cc two 
times per week) ; Group 3 received progester- 
one II 0.05 cc daily, and subsequently 0.1 cc 
daily; and Group 4 received no injections. 
Groups 2 and 4 have been combined in the 
study of results (Tables I and II). All 
animals were kept on a standard diet and 
water ad libitum^ with the same number of 
animals per cage. Alternate animals were 
used for each treatment. 

Three series of animals so treated, con- 
firmed the preliminary opinion that the crude, 
progesterone-containing compound, when in- 
jected into animals receiving a transplant of 
the granulosa cell tumor, stimulated growth of 
the tumor (Tables I and II). Seventy-seven 
per cent of the "progesterone compound” 
treated animals had growing tumor within 

3 weeks, and 85% Avithin 4 weeks, while in 
the other groups no palpable tumors were ob- 

r'Proluton^^ obtained througli the courtesy oi 
the Scheriug Corp., Bloomfield, X J., coataimug 
5 njg progestcroue/cc. 
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TABLE III. 

Weight Gains in Experiment IL 




Group 

- 

r 

• I 

Basal 
ration A 

IX 

Basal ration A -p 
reticulogcn 

Ko. animals 

9 

12 

Av initial wt 

1.56 kg 

1.60 kg 

Av final wt at 8 w^ks 

16.0 

21,6 ” 

Av gain in wfc for 

8 wks 

14.4 ” 

20.0 ” 


Stwimary, The. addition of Reticulogen 
(a 20-unit anti-pernicious anemia liver ex- 
tract) to a synthetic miik diet resulted in an 
increased growth rate in baby pigs over an 
8-week period. The final weights of pigs 
recei\dng Reticulogen averaged 19.96 and 21,6 
kg as compared with 13.53 and 16.0 kg for 
those not receiving Reticulogen in two com- 
parisons. 


16774 

Effect of a Progesterone Compound on Growth of a Transplanted 
Granulosa Cell Tumor,* 

Eugene E, Clifton! and Shih-cheng Pan.^ (Introduced by S. C. Harvey.) 

From the Departments of Anatomy an4 Surgery ^ Yale University School of ^fedwine. 


Progesterone has been considered to be in- 
hibitory to, or without effect on, tumor gro>vth. 
Heimann^ reported a marked decrease in 
incidence of mammary carcinoma in the RIII 
strain of mice treated with progesterone alone 
and a still lower incidence when this was com- 
bined with testosterone. He stated^ however, 
that it did not prevent growth of transplanted 
tumors in mice. He also found^*^ that it 
inhibited growth of adenomatous portions of 
breast iibroadanomata and decreased the num- 
ber of takes of auto- and homo- transplants in 
rats. There was no effect on fibroma, myx- 
oma, or sarcoma or on adenomatous growth in 
pregnant or castrated rats. In- the guinea pig 
Lipschutz and Vargas- observed decrease in 

T^his investigation was supported m part by 
grants From the Jane Coffin Childs XlemoriaZ 
Fund for 3Iedicai Research, and the United States 
PubUc Health Service Grant C343, administered 
by W. XT. Gardner. 

f Senior Eellow, American Cancer Society, as 
rocominemled by tbo National Eesearcb Council. 

i iVuua Fuller Fund Felloir. Present address: 
Hsiang-ya Medical College, Cliangsba, Cbina, ^ 

1 a, Heimann, J.acob, Cancer Scaearch, 194S, 5, 
42(5; b, Heimann, Jacob, Cancer Sescarclt, 1943, 
3 65 

'sLipschutz, A., and Vargas, L,, Lancet, 1939, 

2 . m. 


size, and actual disappearance, of the fibroids 
caused by oestrogen. Burrows and Hoch- 
Ligeti,^ however, found no change in inci- 
dence of mammary carcinoma in mice injected 
weekly with 1 mg of progesterone, and Loes- 
ser^ found slight, if any, improvement in 
animals or patients with breast carcinoma 
treated with progesterone. 

The effects of larger amounts of progester- 
one on tumor growth have been studied, using 
a material containing a high concentration of 
progesterone.^ Preliminary experiments indi- 
cated a growth-stimulating effect on mammary 
carcinoma in mice.^ A study of the effect 
of this material on a transplanted ovarian 
tumor was then undertaken. Subcutaneous 
transplantation- of a granulosa ceil tumor in- 
duced by intrasplenic transplants^ in mice 
of the C57 strain had been attempted. 

3 Burrows, ILirohJ, nnd Hoch*Llgoti, Cornelia, 
Cancer Rt’.’irnrch, 1946, 0, 608. 

Locsser, A. A., Lancet, 1941, 2, 69S, 

$ A crud^ prcpurntlon believed to contain 200* 
250 I.U. Pxogesterone/cc made .avail.'ible through 
the courtesy of E. A. Eugstrom, The GUddesi Co., 
Chicago, lU. 

5 cuff ton, B. E., unpublished data. 

CLi, :\L H., .and Gardner, W. XT., Cancer Dc- 
search, 1947, 7, 549. 
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Treatment 


TABLE I. 


No. 

Total animals 

No. without 1 2 

auimais growth wh wk 


No. of animals with growth 


3 4 5-7 8-12 

wk wk wk wk 


12-lG 

wk 


Gliddea 


Progesterone 

26 

Oestradiol 

18 

Progesterone* 

8 

Control 

IS 


9 

7 

U 


1(1) 11(10) 20(9) 22(2) 22(0) 

0 0 0 2(2) 4(2) 

0 0 0 0 0 

0 0 0 0 0 


22 ( 0 ) 

0(5) 

0 

1 ( 1 ) 


22 ( 0 ) 

1 ( 1 ) 

4(3) 


Incidence and time of apparent subcutaneous growth of tumor 18C57) with different horniono 


The numbers in brackets are tlic numbers of animals showing first growth in that period while the 
uubracketed numbers are total tumor takes through that period. « ..t t * • - 

* '^Proiuton^' obtained through the courtesy of the Seiiering Corp., Bloomneia, N. J., containing 
5 mg pTOgesteroue/cc. 


TABLE 11. 


Treatment 

Total No, animals 

No. animals 
showing growth in 6 Avk 

Glidden Progesteroiie 0.05 cc two 
times per ^Yeck 

31 

28 

Oestradiol 0.05 cc two times per week 

9 

5 

Progesterone* (‘‘Proluton’^) 0,1 cc 

4 

0 

two times per week 




Number of animals treated and showing growth of tumor within 6 weeks ivith 3 types of 
hormone treatment. 

* '^Proluton^^ obtained through the courtesy of the Schering Corp., Bloomfield, N, J., con- 
taining 5 mg progesterone/cc. 


Gro\vth of one of the transplanted tumors 
occurred but rarely and only after a long time 
in intact or castrated animals %Yith and with- 
out estrogen treatment. In castrated animals 
treated with the crude progesterone, growth 
of the tumor occurred in some cases within 
10 days. Subsequent study has confirmed 
this finding plus additional information. 

Methods* Mice of the CS7 strain ap- 
proximately 2 to 3 months of age were cas- 
trated and a small piece of tumor was trans- 
planted subcutaneously in each animal. The 
tumor was obtained from' a first generation 
subcutaneous transplant. Injections were 
started on the day of transplantation. To 
facilitate injection, the crude material was 
diluted by adding 1 part Ethanol to 4 parts 
of the compound. The test animals in the 
first group received 0.05 ml of the diluted 
'‘progesterone compound'’ 3 times per week. 
Subsequent series received the diluted ma- 
terial 2 times per week. Control animals were 
set up in 4 groups: Group one received es- 
tradiolbenzoate (25 /ig in 0.05 cc sesame oil 


2 times a week) ; Group 2 received Ethanol 
(1 part to sesame oil 4 parts, 0.05 cc two 
times per week); Group 3 received progester- 
one li 0.05 cc daily, and subsequently 0.1 cc 
daily; and Group 4 received no injections. 
Groups 2 and 4 have been combined in the 
study of results (Tables I and II). All 
animals were kept on a standard diet and 
water ad Ubituvi, with the same number of 
animals per cage. Alternate animals were 
used for each treatment. 

Three series of animals so treated, con- 
firmed the preliminary opinion that the crude, 
progesterone-containing compound, when in- 
jected into animals receiving a transplant of 
the granulosa cell tumor, stimulated growth of 
the tumor (Tables I and II). Seventy-seven 
per cent of the “progesterone compound’^ 
treated animals had growing tumor within 

3 weeks, and 85% within 4 weeks, while in 
the other groups no palpable tumors were ob- 

j| ‘^Prolutou'' obtaiued through the courtesy of 
the Schexing Corp., Bloomfield^ N. J., containing 
5 mg progestcrone/cc. 
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served in the 3 week period and only 2 in 
the 4 week period. Allowing a period of at 
least 4 months for the control animals to de- 
velop tumors, it was found that 50% of the 
estrogen treated animals, 22% of the animals 
receiving Ethanol in sesame oil or no injec- 
tions, and one, or 25% of the ‘^proluton” 
treated animab showed tumor growth, to 
compare with the 85% tumor growth within 
4 weeks \vith the test material. 

One small series of intact mice with trans- 
planted tumor, divided into ‘‘progesterone 
compound” treated, estrogen treated, “prolu- 
ton” treated, and control groups of 3 animals 
each, was studied. These animals were also 
allowed to breed. Of this group only one, a 
progesterone compound treated mouse, de- 
veloped a tumor. 

Subsequent groups of animals with tumor 
transplants of the- second and third genera- 
tions, observed for only 6 weeks, are shown 
in Table II. These confirm the previous find- 
ings with 90% of the “compound” treated, 
55% of the estrogen treated, and none of the 
“proluton” treated animals showing tumor 


growth. 

Additional facts in evaluating the action 
of the “progesterone compound” are: (1) 7 
of the “progesterone compound” treated 
animals of the original 26 died of their tumors 
within the period 1 to months after 
transplantation, while none of the other 
animals of the original 3 series died of their 
tumors up to 4 months after transplantation. 
Many animals were sacrificed in all groups but 
in every instance the animals in the control 
groups were permitted to live longer because 
their tumors were smaller; (2) 2 of the “pro- 
gesterone compound” treated animals de- 
veloped gross and several had microscopic 
metastases, while no animals of the other 
groups showed metastatic spread. 

More detailed studies are being carried out. 
One obvious line of investigation wii be the 
effect of other hormones especiafly androgens 
on the groAvth of this tumor. It is always 
possible that this growth stimulation is due 
to some other material present in the “com- 
pound”, which can be proven only by more 
detailed chemical work. 


16775 P 

Effects of Folic Acid on the Anemia Induced by X Irradiation. 
S. Phyllis Stearner. (Introduced by A. M. Brues.) 

FrojJt the Biology Di vision of the Argomie y’at tonal Lahoraiory, Chicago, 111. 


Previous work in this laboratory has shown 
that the anemia which followed radiations 
from internal and e.xternal sources was fre- 
quently macrocytic.^- The macrocytosis may 
have been the result of damage directly to the 
bone marrow or indirectly through damage to 
the viscera, resulting in failure to form an anti- 
anemia factor. Folic acid, classified as a vita- 

1 Steamer, S. P., Simmons, E. L., and Jacobson, 
Li. O., to be published, 1948. 

2 Simmons, E, L., and Jacobson, Li. 0., Radio* 
toxicity of injected SrS9 for rats, mice and rab- 
bits. Part IV. The hematological eifeets of 
enteraUj and parenterally administered Srso in 
manmials. National Nuclear Energy Series, Vol. 
22b. 


min of the B complex, is reported to be simi- 
lar in its action to liver extract. It has been 
shown to be effective therapeutically in cer- 
tain of the macrocytic anemias in 
It was without effect, however, upon the mac- 
rocytic anemia that resulted from administra- 
tion of Sr®^. Total-body X irradiation, 
unlike radioactive strontium, causes damage 
to the viscera as well as bone marrow. It is 

3 Spies, T. D,, Vi Iter, R. W., Koch, Af. B., and 
Caldwell, Af. H., Southern Med. J., 1945, SB, 707. 

AXoore, C. V., Vilter, R. TY., AfanueeJe, V., and 
Spies, T. P., J. Zah. and Clin. Jfed., 1944, 20, 
1226. 

5 Jacobson, L, 0., Steamer, S. P., and Simmons, 
E. L., to be published. 



Effects of Folic Acid 


519 



Fig. 1. 

Effect of G75 r X irradiation and administration of folic acid 
ou amount of heinogloLin (A) and number of erj'throcytes (B) 
in tbe peripberal blood. 


of interest, therefore, to determine the possible 
therapeutic effect of folic acid on the macro- 
cytic anemia resulting from total-body X ir- 
radiation. 

Male white rats were irradiated with 675 r 
{the approximate median lethal dose). Con- 
ditions of irradiation were: 200 Kv, 15 ma, 
0.5 mm Cu and 1,0 mm Al filters, target field 
distance 72.5 cm, and exposure rate about 

« Jacobson, L, 0., Steamer, P., and Simmons, 
E. L., J. Lah. and Clin. Jfcd., 1947, 32, 1425, 
Abst. 37. 


16 r per minute. One half of the irradiated 
animals were given intraperitoneal injections 
of folic acid daily, 5 days per w'eek. The 
animals were divided into 3 groups and treat- 
ed as follows: 

Group No. Treatment 

1 10 (5 blood animals) Controls 

2 10 (5 blood animals) 675 r 

3 10 (5 blood animals) 675 r, and receiv- 

ing 15 fig folic 
acid per day for 
the period 22-40 
days after irradi- 
ation 
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TIWC AFTER IRRADIATION (DATS) 

Fig. 2. 

Effect of 675 r X irratliatiozi aaJ adinjjiistrntioii of folic acid 
on mean erythrocyte diameter (A) and mean corpuscular volume 
(B). 

About 2 weeks after exposure the mean volume. The administration of folic acid had 
hemoglobin and erythrocyte values in the peri- no apparent effect on the reticulocyte re- 
pheral blood fell to about 70% of that of the sponse following irradiation, 
control (Fig. 1). At most sampling intervals Analysis of variance^ between Group 2 and 
the irradiated group that received folic acid Group 3, for all sampling periods from 22 
showed slightly higher values than the un- to 58 days (inclusive) after irradiation, indi- 
treated irradiated group. The mean erythro- cated a significant difference (P ^ 0.01) in 
cyte diameter was increased in the irradiated only the mean erythrocyte count and mean 
groups at 3 weeks after exposure and persisted corpuscular volume. (The variance intro- 
for the duration of the observation. Fig. 2 duced as a result of separate group caging 
shows the macrocytosis was approximately does not affect the statistical results and, for 
equal in the 2 irradiated groups and corres- simplicity of presentation, was ignored). The 
ponded to the increase in mean corpuscular importance of this difference is minimized 
volume. However, the intu'ease in mean ery- because the related factors (hemoglobin and 
throcyte volume was slightly greater in the mean erythrocyte diameter) did not show a 
untreated than in the foUc acid treated irradi- significant difference. It appears, therefore, 
ated group. The greatest increase in per cent that there is little or no effect of folic acid 
of reticulocytes occurred before the maximum upon the erythrop)oietic system following ex- 
mean corpuscular volumo was .'reached (Fig. posure to X radiation. The damage to the 

3) and therefore could not have caused the 

increase in mean erythrocyte diameter and ^ Tyler, s., personal conmiunicatioji. 
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Pia, 3. 

Effect of 675 r X irradiation and adniinistratiou of folic acid 
on % of reticulocytes in the peripheral blood. 

bone marrow is probably caused principally produces the antianemia principle, must be 
by direct injury. Any indirect damage re- a relatively minor source of injury, 
suiting from damage to the viscera, which 
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Genetic Changes in Gastric Lesion and Fibrosarcoma Susceptibilities.^ 


Leonell ( 
Erom the Department of Anato7ni/y 

Evidence has been published that the gene 
for brown hair has mutated to dominant 
black several times in the descendants of mice 
which had been injected with methylcholan- 
threne for several generations. Concomitant 

* This experiment has been made possible by 
grants from The Anna EuUcr Fund, The Jane 
Coffin Childs Memorial Eund for Medical Be- 
search, and The Committee on Growth of the 
National Besearch Council acting for The Ameri- 
can Cancer Society. 


Strong. 

Yale University School of Medicitie, 

with the production of these dominant hair 
color mutations there were also obtained (1) 
a considerable increase in susceptibility to 
induced fibrosarcomas, (2) an increased lit- 
ter size, and (3) increased vitality. All 3 
of these characteristics appear to be asso- 
dated with the black mutant character, never 
with their brown litter mates. The evidence 
points toward the production of a wdespread 
germinal change brought about by the effect 
of methylcholanthrene upon the germ plasm, 
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but a point mutation at a single locus has not 
as yet been completely excluded.^ 

It has also been demonstrated that the gene 
for susceptibility to induced fibrosarcomas in 
mice shows linkage relationship with the gene 
for black hair pigmentation. The essential 
data of crossing over between these two genes 
on the brown tagged chromosome have al- 
ready been obtained.- 

A gene for susceptibility to a stomach lesion 
occurring prirnarily in the gastric mucosa of 
NHO mice also shows linkage relationship 
with the brown gene.^ 

The present paper reports the data ob- 
tained on the incidence of gastric lesions fol- 
lowing the subcutaneous injection of methyl- 
cholanthrene in the black mutants and their 
litter mate brown segregates. Of the black 
mutants 6 descents have been continued for 
several generations, 3 of these descents 
were obtained from a brother-sister mating 
of two of the original black mutants, whereas 
the other 3 descents were descended from a 
backcross between one of the black mutants 
and its own mother of the original brown an- 
cestry. Each of these 3 descents were made 
up of (a) pure breeding blacks, (b) derived 
pure breeding brown segregates, and (c) 
black heterozygous for brown. All mice were 
weaned at 30 days of age, mated together and 
injected subcutaneously in the right groin 
with 1 mg of methylcholanthrene dissolved in 
0.1 cc of sesame oil at 60 days of age. They 
were examined periodically for the appearance 
of tumors and signs of sickness. All mice 
were killed when progressively growing tu- 
mors were evident or when they showed one 
or more signs of sickness, such as emaciation, 
wheezing or a ruffled appearance of the hair. 

It is impossible to demonstrate whether 
these 3 black mutants, which appeared in one 
litter of mice were derived from one original 
mutation or from 3 separate ones. If the 
mutation occurred in one germinal epithelial 
cell and then the mutant cell gave rise to 3 

1 Strong, L. C., Tale J, Biol and 1940, 

18, 359. 

2 Strong, C., Science, 1940, 103; 554. 

3 Strong, L. C., J. Cancer Inst, 1945, 5, 

339 . 


^t is possible that one mutation was 
responsible for all 3 mutants. This inter- 
pretation is consistent with the embryolog}^ 
of the mouse. There are further considera- 
tions that only one mutation was involved. 

(1) It is highly improbable that any inductive 
system no matter how specific in action would 
produce three mutations at the same locus in 
3 separate animals without inducing other 
mutations at other loci. This did not- occur. 

(2) The 3 mutants are the same as far as the 
somatic manifestation of the mutant gene is 
concerned. They are each characterized by 
a peculiar distribution of pigment granules in 
the hairs which simulates but differs somewhat 
from the pigment distribution in the well 
known black mutation, as found in mice of 
the Cor black stock,^ All 3 black mutants 
gave comparable Mendelian ratios when 
crossed with each other or in the Fs and 
backcross generations to the recessive condi- 
tion, brown, following an outcross to mice of 
the Strong A strain. For these reasons it is 
considered that the three mutants are geneti- 
cally and biologically similar if not identical 
and the data obtained on the descendants of 
all these can be legitimately classified to- 
gether. 

Of these mice derived from the black mu- 
tants and injected with methylcholanthrene, 
362 developed lesions involving the stomach, 
as follows: 198 black to 164 browms. These 
gastric lesions consisted of several histological 
types, comparable to the varieties already 
obtained with methylcholanthrene in the orig- 
inal brown ancestry. There were 3 distinct 
regions of the stomach of the mouse which 
gave rise to neoplasia, as follows: (1) a 
squamous type from the fore-stomach, (2) 
mixed types from the region of the limiting 
ridge, and (3) the lesions just anterior to the 
pylorus involving the mucus secreting neck 
cells of the gastric mucosa. In the black 
series the sex differential of gastric lesions 
was 1.95 males to 1.00 females, whereas in 
the brown series the sex differential was 2.40 
males to LOO females. The distributions of 
gastric lesions for the two color classes of 
mice are given in Chart 1 : brown mice on the 
short dash line, black mice on the solid line. 
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This chart presents the data on the frequency distribution of induced gastric lesioi\s m mice 
of the B1 subline; time in days is given on the base line, the number of mice on the vertical 
line. Black mutants are given on the solid Hue, brown segregates on the short dash line. 


The average latent period for the appearance 
of the gastric lesions in black mice was 434.4 
days, whereas the average latent period for 
the brown mice was 335.8 days. This is a 
difference between the two color classes, of 
98.6 days. The average latent period of 
gastric lesions in the original brown descent 
from which the black mutation had occurred 
was 318.5 days. Thus it is evident that the 
brown segregates from the black mutants re- 
tain the same latent period for gastric lesions 
as their brown ancestors (335.8 day s-3 18.5 
days = 17.3 days difference) whereas the 
black mutants have acquired a delayed latent 
period of 115.9 days beyond the original 
brown ancestry (434.4 days - 318.5 days 
115.9 days). 

The present data on the incidence of tumors 
induced in black mutants by the subcutaneous 
injection of methylcholanthrene has therefore, 


TABLE I. 



Black 

Bl descent 

Brown 

Total 

Gastric lesions 

198 

164 

362 

Normal 

2145 

1452 

3597 

ToUl 

2343 

1616 

3959 


This tabic presents data on mice of the Bl de- 
scent injected with methylcholanthrene at 60 days 
of age. The mice are classified according to 
whether they developed gastric lesions or did not 
develop such a lesion. The mice are further 
divided into the two color classes, as follows (a) 
the original color class brown and (b) the mutant 
black. 


led to the conclusion that while one type of 
tumor susceptibility (fibrosarcomas at the 
site of injection) is being increased, another 
type, the gastric lesion, is being decreased. 
This is evidence that in this particular ex- 
perimental setup the two cancer susceptibili- 
ties are distinct entities even though they 
both show linkage relationships with the 
brown tagged chromosome. The exact spatial 
relationship of the 3 entities or genes on the 
brown chromosome cannot at present be de- 
tennined. Another conclusion that seems 
justified is that in the origin of the original 
black mutant more than a single point muta- 
tion was involved. This finding is of in- 
creased significance, since, as far as can be 
determined now, the original mutation from 
brown to black itself was a clear cut point 
mutation, as no variations from typical ^len- 
delian ratios could be determined in the in- 
heritance of mutant black. Skewness to the 
right of the frequency distribution curve for 
gastric lesions in brown mice and to the left 
for the black mutants is suggestive that this 
may be brought about, in part, by the tivo 
cross-over types, a brown mouse with a de- 
layed latent period for a gastric lesion and a 
black mouse \vith an enhanced or original 
early appearance of the gastric lesion. Un- 
fortunately no progeny from these mice were 
obtained so that this genetic evidence of cross- 
ing over could not be obtained. 

The present evidence also indicates that 
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there are specific entities or genes underlying 
genetic susceptibilities to specific types of 
neoplasia induced by methylcholanthrene. 
This interpretation seems to be favored over 
the alternative concept that in cancer suscep- 


tibility, there is a general cancer “gene” that 
underlies all 13^5 of cancer. That is, that 
there is a gene that determines the difference 
between the biological states of cancer and 
not cancer. 


■I 
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Mucolytic Enzyme Systems. IV. Relationship of Hyaluronidase Inhibition 
by Blood Serum to Incidence of Mammary Cancer in Mice.* 


David Click, Thomas A. Good and John J. Bittner. 

From the Departments of Fhtjsiological Chenustry and Cancer Biology, Vnivcrsity of Min- 
nesota Medical School, Minneapolis, Minn. 


From previous investigations in this series, 
it was concluded that the level of hyaluroni- 
dase inhibitor in blood serum is elevated in 
a wide variety of both virus and bacterial in- 
fections^*"^ as well as in malignant processes,^ 
While these investigations were still in pro- 
gress Friou and Wenner^ reported a similar 
elevation in rheumatic fever as determined by 
the mucin clot test, and Thompson and Moses® 
also foimd this effect in pneumonia by the clot 
test. Fulton, Marcus and Robinson^ used a 
method based on decapsulation of a group A 
hemolytic streptococcus to measure the inhi- 
bition by serum and reported no significant 

* Aided by grauts from the Division of Research 
Grants and Fellowships, National Institute of 
Health, IT. S. Publio Healtli Service, Betliesda, 
^d., the .Medical Research Fund of the Graduate 
School, University of Mumesota, and the American 
Cancer Society, upon recommendation of tlie 
Committee on Growth of the National Research 
Council. 

^ iGlick, D., and GoUan, F., J. Inf. Dis., 1948, 
^ 83, 200. 

2Grais, M. U., and Gliek, D., J. Invest. Der- 
matol., in press. 

3 Grais, M. L., and Gliek, D., in preparation. 

J Hakansou, E. Y., and Glick, P., A at. Cancer 
Inst., in press. 

3 Friou, G. J., and Wenner, H. A., J. Inf. Dis., 

1947, 80, 1S5. 

C Thompson, K. T., and Moses, F. E., Fed. Proc., 

1948, 7, 2S2. 

T Fulton, J. K., Marcus, S., and Kobinson, W. 
D., Prac. Soc. Am. Bad., 1948, 1, 05. 


differences between normals, and patients with , 
rheumatoid arthritis. \! 


The inhibiting factor which undergoes 
change is distinct from the specific antibody 
inhibitors which are elicited in response to 
hyaluronidase acting as an antigen. By elec- . 
trophoresis at pH 8.6 it was found that the/, 
non-antibody inhibitor in the serum migrated',^ 
chiefly with the albumin.® The antibody in- r 
hibitor would be expected to be found in the 
gamma globulin fraction. The factor in ques- 
tion appears to be a non-specific inhibitor 
since it is capable of inhibiting the enzyme 
from diverse sources, and furthermore its ele- 
vation seems to be a non-specific response to 
both infection and malignancy. While it is 
still premature to advance a theory, one might 
postulate that this response is a defense mech- 
anism designed to counteract the invasiveness 
potentiated by hyaluronidase. While many 
organisms do not in themselves possess hyal- 
uronidase, their invasiveness appears to be en- 
hanced, nevertheless, by the presence of the 
enzyme,® and, accordingly, it is conceivable 
that a general response against hyaluronidase 
activity might be employed as a general de- 
fense mechanism. 


I 

1 


The possibility that hyaluronidase may be 
involved in the invasive processes of can- 
cer, and the great elevation of the serum 


s Glick, D., and Moore, D. JL, Arch. JJiochcm., 
1D4S, 19, 173. 

0 Duran-FeynaJd, F., Bad. Bcv., 1942 0, 207. 
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TABLE I. 


Hyaluronidase Inliibitor in Blood Serum of Cancer Mice. 


Group 

Strain 

No. 

mice 

Presence of 
milk agent 

Presence of 
tumor 

llean inhibitor 
cone. (A) per 
cc serum 

Biffereuce 
of means 


P 

1 

Breeders 

13 



— 

19.2 

0,8 

.20 

>.55 


Ax 

11 



18.4 





Aa 








2 

Virgins 

22 



— . 

16.1 

0.2 

.05 

>.55 


Ax 

19 


— 

15.9 





Aa 








3 

Zb 

19 





12.8 

1.2 

.60 

>.55 


Zz 

14 

-f 

4- 

11.6 




4 

ZbAxPi 

19 





10.1 

3.6 

1.45 

.Id 


ZzAaPj 

3 


4- 

6.0 





* Statistical guaiitity used for less than 30 observations to calculate probability (P) that the dif- 
ferences could have resulted from chance alone. 


inhibitor in metastatic carcinoma/ led to the 
present investigation of the level of the in- 
hibitor in the blood serum of various strains 
of mice in relation to the genesis of mammary 
cancer. It was hoped that some light might be 
shed on the question of whether the hyalur- 
onidase inhibitor has any significance in re- 
sistance to mammary cancer in mice. * 

Materials and methods. The mice employed 
were of the following strains used by Bittner 
and Huseby." 

Aa stock — A stock cancer mice nursed by 
mothers with milk agent. 

Breeders — high cancer line, with cancer 
when used. 

Virgins — low cancer line, without cancer 
when used. 

Ax stock — Decended from 1 animal of the 
A stock that had been nursed by a female of 
X or strain. Without cancer when 

studied. No cancer without milk agent. 

10 Boyland, E., and MeClean, B., J. Path. Bad., 
1935, 41, 560. 

11 Pirie, A., Brit. J. Exp. Path.j 1912, 23, 277. 

12 Hoffman, B. C., Parker, P., and Walker, T., 
Am. J. Bath., 1931, 7, 523. 

13 Duran-Reynals, F., J. Exp. J/ed., 1931, 54, 
493. 

14 Durun^Reynals, F., and Claude, A., Proc. 
Soc. Exp. Biol, aku Hed., 193-i, 32, G7, 

13 McCutcheou, M., and Cowan, B. R., Cancer 
Itcs.y 1947, 7, 379. 

10 Cowan, B. R., Z^rcCutcheon, II., and Zeidman, 
I,, Cancer Bcs., 1947, 7, 3S3. 


Zz stock — Z or C3H stock cancer mice pos- 
sessing milk agent with cancer when used. 

Zb stock — Fostered Z stock mice without 
milk agent. Descendents from females fos- 
tered by mice without milk agent. Without 
cancer when used. 

Zb Ax Fi — First hybrid generation of Zb^ 
X Ax(^. Without cancer when used. Devoid of 
milk agent. 

Zz Aa — First hybrid generation of ZaJ 

X Aa$ . High cancer incidence, both 
and ‘‘z'* milk agents present. With cancer 
when used. 


The mice were anesthetized with ether, and 
0. 5-1.0 cc of blood was taken from the jugular - 
vein of each animal. After clotting, the serum 
was withdrawn and stored at -25° until used 
for the determination of hyaJuronidase-mhibf- 
tor content. The details of the viscosimetric 
method used, which employed hyaluronidase 
from bull testes and hylauronic acid from hu- 
man umbilical cords, have been given in an 
earlier paper. ^ The value (A) expressing de-*^ 


gree of inhibition is defined as i j , where 

\ Ro / ^ 

(Ro) equals the time in seconds for the vis- 
cosity of the reaction mixture wthout serum 
to fall to half its initial value, and (R) 
equals the corresponding time in seconds for 
the viscosity to fall to half the initial value 
in the presence of serum. Only 0.02 cc of 
senim is required in the 6 cc of total reaction 
mixture prepared for each measurement. The 
concentration of inhibitor was calculated as 
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TABLE II. 

Delation of Cancer Incidence in Strains of Mice to Hyaluronidase Inhibitor in Blood Serum. 


Group 

Strain 

No. 

mice 

^ % 
Caneerl 

Kean inhibitor 
cone. (A) per 
ce serum 

Groups 

compared 

Difference 
of means 

K* 

P 

1 

Aa breeders 

13 

86.7 

15.3 

1 and 2 

0.5 

0.1 

>.o5 






1 and 3 

3.0 

1.2 

.230 

2 

Aa virgins 

40 

3.9 

14.8 

1 and 4 

5.8 

2.1 

.036 

3 

Zz breeders 

30 

95,1 

11.8 

2 and 4 

5.3 

2.S 

.005 

4 

ZzAa breeders 

21 

97.6 

9.5 

3 and 4 

2.3 

1.5 

.134 


* Statistical quantitj used for 30 or more observations to calculate probability (P) that the dif- 
ferences could have resulted from chance alone. 


(A) per cc serum. 

^ Results and disciisston. From the data in 
Table I it is apparent that within A and Z 
strains no significant difference was found be- 
tween the inhibitor levels in the serums of 
mice with or without the milk agent, and 
with or without tumors. The differences in the 
incidence of cancer between the virgin A and 
Z strains appears to result from an “inherited 
hormonal factor’’ in the Z strain,^^ Bitt- 
ner and Huseby^’ emphasized the possibility 
that the inherited susceptibility to mammary 
cancer may be the same in both strains, while 
other genes control the “hormonal factor.” 
From the present data it would appear that 
there is a tendency toward an inverse rela- 
tionship between the level of the hyaluroni- 
dase inhibitor in the serum and the presence 
of the “inherited hormonal factor”. A direct 
relationship between the porphyrin level and 
the latter factor was indicated by the work ,' 
of Bittner and Watson.^^ 

Since the presence of milk agent or tumor? 
had no appreciable effect on the inhibitor level ^ 
in the mouse serum, the comparisons in Table ) 
II deal only with cancer incidence and the 
inhibitor. None of the data in Table I could ' 
be compared directly with those in Table II 
because different batches of enzyme and sub- 
strate were used to obtain the data for each 

17 Bittner, J. J., and Hugeby, B. A., Cancer 
nes., 1946, 6, 235. 

IS Bittner, J. J., and Watson, C. J., Cancer JSes., 
1946, O, 337. 


table. Variations in the preparations do not 
justify direct comparisons of results obtained 
with different lots. A comparison of A, Z, and 
their hybrid strains reveals a tendency toward 
lower inhibitor levels in strains capable of 
higher cancer incidence as virgins and which 
bear the “inherited hormonal factor.” 

Significant differences in the inhibitor levels 
of Group 2 and 4, and 1 and 4 may be noted 
in Table II. These differences accompany, in 
inverse relation, the differences in cancer in- 
cidence. Within the A strain, large differences 
in the cancer incidence in breeders and virgins 
is not associated with a significant difference 
in the inhibitor level. Furthermore no im- 
portant differences in the inhibitor are seen 
between A a and Zz strains or the Zz and 
ZzAa strains. 

Summary. 1. Within the Aj Z, and AZF\ 
strains of mice, no significant differences in 
the hyaluronidase-inhibitor levels in serum 
were found between individuals with and with- 
out the milk agent which determines the inci- 
dence of mammary cancer. Neither was a 
significant difference observed behveen virgins 
and breeders of the same strain or between 
individuals with and without tumors. 2. There 
appeared to be a tendency for the inhibitor 
titer to vary inversely with the strain inci- 
dence of mammary cancer in the /I, Z, and 
'}AZFi mice. 3. A tendency toward an inverse 
relationship between the inhibitor level and 
the presence of the “inherited hormonal fac- 
tor” follows- 
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Failure of Estradiol Inactivation Products to Inhibit Pituitary Gonado- 
trophic Content and Secretion. 


Edwin C. Jungck.* (Introduced by Carl G. Heller.) 

From the Department of Physiology, VniversiUj of Oregon ^ledical School, Portland, 


It has been, postulated that the level of 
pituitary gonadotrophins in the blood is regu- 
lated principally by the degree of activity of 
the ovaries, functioning ovaries inactivating 
gonadotrophins, and non-functioning ovaries 
permitting gonadotrophins to accumulate in 
the circulation.^ This hypothesis was based on 
observations of female rats with ovaries auto- 
transplanted to the spleen. By this means, 
ovarian secretion was directed through the 
portal vein directly to the liver, where the 
estrogenic substances were inactivated suf- 
ficiently to prevent their detection in the 
systemic circulation. As in castrates, it was 
noted that vaginal cell atrophy, uterine 
atrophy and thymic hypertrophy occurred; 
however, pituitary gonadotrophic content did 
not rise, as in castrates, but remained at 
normal levels. This refuted the concept that 
normal levels of estrogen maintain normal 
pituitary gonadotrophic content, and sug- 
gested instead that pituitary gonadotrophic 
content is the resultant of the activity of 
functional ovaries upon circulating gonado- 
trophins. 

An alternate explanation for the lack of 
rise of pituitary gonadotrophins is the pos- 
sible influence of estrogen inactivation prod- 
ucts upon the hypophysis. In animals with 
their ovaries transplanted to the spleen, deg- 
radation products of the estrogens which have 
passed through the liver, although lacking 
estrogenic activity, might conceivably depress 
the hypophysis. 

Smith- found that Wester fold’s lactone, an 
inactivation product of estrone, increased 
pituitary content of gonadotrophins. Segaloff^ 

* Sclicriug Fello^Y in endocrinology. 

1 Jungck, E. C., Heller, C. G,, and Nelson, 
W. O., Paoc. Soc. Exp. Biol, axd Med., 1947, 05, 
148. 

2 Smith, 0. W., Proc. Soc. Exp. Biol, akd Med., 
1945, 59, 242. 


Ore. 

has found that bisdehydrodoisynolic acid, a 
degradation product of estrogens, is more 
active when administered intrasplenically 
than when injected subcutaneously. Since 
some inactivation products of estrogens do 
have effects on pituitary gonadotrophic con- 
tent, it seemed possible that they might be 
the principal controlling factor. This possi- 
bility is the subject of the present investiga- 
tion. 

Only estrone and estradiol have been recov- 
ered from ovarian tissue. As estrone is 
changed to estradiol in the process of its in- 
activation by the liver, a-estradiol was chosen 
as the estrogen for this study. 

Materials and methods. Adult virgin female 
rats of the Sprague-Dawley strain weighing 
200-250 g were castrated, and on the same 
day a-estradiol pellets weighing 1.1 to 10.8 
mg were implanted in their spleens. One 
group of rats received pellets subcutaneously, 
and another group was included as intact 
controls. Operated rats with pellets im- 
planted in the spleen which spontaneously 
developed vascular adhesions from the spleen 
to the systemic circulation served as addi- 
tional controls. 

From 33 to 40 days after the pellets were 
implanted, the donor rats were killed by de- 
capitation. Pituitary gonadotrophin content 
was measured by suspending each anterior 
pituitary gland in 6.0 cc of saline by repeat- 
edly drawing into and expelling from a syr- 
inge, then by injecting into one 24-day-old 
Sprague-Dawley female rat, 1.0 cc twice daily 
for three days. The assay rats were killed 24 
hours after the last injection. Results are 
tabulated in Table I. 

Discussion, The control of . pituitary 
gonadotrophic secretion could conceivably be 

3 Segaloff, A., Fed, Proc,, 1947, 0, 399. 

4 Heller, C. G., Endocrin,, 1940, 20, 619. 
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due to estrogen inactivation products from (he 
, liver. Thus, when an animal is castrated, 
there are no estrogen inactivation products 
and the pituitary is permitted to increase 
markedly in gonadotrophic content. When 
the ovaries are present in the spleen, the 
pituitary gonadotrophic content would con- 
tinue to be controlled by the estrogen inac- 
tivation products, thus accounting for the 
normal gonadotrophin levels found in these 
animals. 

To test this hypothesis, pellets of a-es- 
tradiol were implanted into the spleens of 
mature female rats castrated the same day. 
The relationships in the experimental rats are 
diagrammed in Fig. 1. An a-estradiol pellet 
(at 1 in the figure) was implanted in the 
spleen. The estradiol was carried directly to 
the liver (at 2) and inactivated, so no active 
estradiol reached the general systemic circula- 
tion. (This was confirmed by the castration 
response elicited — hypertrophied thymus, 
atrophic uterus and atrophic vaginal smear.) 
Inactivation products of estradiol arrived in 
the circulation and were free to act on hypo- 
physeal gonadotrophic content and secretion 
(at 3). 

If the principal controlling factor of pitui- 
tary gonadotrophic content is estrogen inac- 
tivation products, then castrated female rats 
having pellets of a-es tradiol in their spleens 
should have normal pituitary gonadotrophin 
content. If the main controlling mechanism 
is inactivation of gonadotrophins by the 
ovaries, as postulated, then the presence of 
estradiol pellets in the spleen should have 
little effect in maintaining normal pituitary 
gonadotrophic potency of castrated female 
rats. 

The pituitaries of normal unoperated fe- 
male rats contained suifident gonadotrophin 
to stimulate recipient ovarian weights from 
13 mg to 20 mg. Castrate control rat pitui- 
taries stimulated recipient ovarian weight 
from 13 mg to 103 mg. The animals with 
a-estradiol pellets in the spleen (and no ad- 
hesions) had sufficient gonadotrophin in their 
pituitaries to stimulate recipient ovarian 
weight from 13 mg to 78 mg, which is in the 
castrate range. The average daily absorption 
of a-estradiol was 21.9 /tg, several times the 
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dose necessary to maintain constant estrus 
in the intact animal. This large dose of 
a-estradiol was completely inactivated, as 
demonstrated by the atrophic uteri and 
vaginal smears, and the large thymus. There- 
fore, many times the physiological amount of 


inactivation products were present in the cir- 
culation. However, the pituitary gonado- 
trophic content rose to castrate levels. 

The castrated rats with pellets implanted in 
the spleen which developed vascular adhesions 
from the spleen to the systemic circulation 
absorbed essentially the same amount of 
a-estradiol daily as the rats without adhesions 
(19.7 /ig vs. 21.9 /xg). The rats with estradiol 
pellets implanted subcutaneously absorbed 
74.0 /xg daily. In both the adhesion group 
and in the rats with pellets implanted sub- 
cutaneously, constant estrus Avas observed 
along with atrophy of the thymus and sup- 
pression of pituitary gonadotrophic content. 
These changes are noted only with unphysio- 
logically large doses of estrogen,^ thus indi- 
cating that larger than normal amounts of 
estrogen were being absorbed. 

CojicIusio?is, 1. The inactivation products 
of a-estradiol produced by passage of estradiol 
through the liver do not exert a significant 
inhibiting influence on anterior pituitary 
gonadotrophic secretion. 

2. The absence of this effect supports the 
thesis that pituitary gonadotrophic* content 
and secretion are controlled principally by 
ovarian inactivation of circulating gonado- 
trophins. 


16779 

Effect of Adrenal Cortical Extract on Recovery from Severe Pnenmococcic 

Infection in Mice** 

Louis Tobian, Jr., and Elias Strauss, (Introduced by T. R, Harrison.) 

From the Departments of Medicine aivd Bacteriologyy Soutliwestern Mediccl CoWege, 

DaUoj, Xems. 


;Many observations suggest that the in- 
creased adrenal cortical secretion during stress 
provides an increase in nonspecific resistance.^ 
In patients or animals moribund from infec- 
tions, it ivas thought that administration of 

* Tills study was supported by grants from the 
United States Public Health Service, and from 
the Lcderle Labor.atories Division, Ameriean 
Cyanainid Company. 

1 Selye, H., Clin. Fndocrinol,^ 1946, 6, 117. 


large doses of adrenal cortical extract might 
temporarily increase resistance and thus gain 
time for antibacterial agents such as penicillin 
to effect recovery. To test this possibility 
two similar experiments were performed. 

Methods. Albino Swiss mice were inocu- 
lated intraperitoneally with large numbers of 
Type I pneumococci. After a certain per- 
centage of the inoculated mice had died, the 
survivors were placed at random into 3 dif- 
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TABLE I. 

Effect of Aaienal Cortical Extract aid Penicillin on Surwval of Mice Infected with 

Pijeuniocoeci. 

Treatment begun 22 liours after inoculation when 5% of mice were <leiKl. 


Hr after 
pneumococcus 

Group I 
Penicillin G 
+ 

adrenal cortical exti\ 

Group II 
Penicillin G 

“h 

corn oil 

Group HI 

Saline 

'h 

corn oil 

inoculation 

No. living % 

living 

No. living 

% living 

No. living % 

living 

22 

34 

100 

34 

100 

25 

100 

24 

18 

53 

23 

68 

15 

CO 

26' 

15 

44 

' 16 

47 

4 

16 

‘ 28 

13 

38 

13 

38 

1 

4 ' 

30 

12 

35 

10 

29 

0 

0 

34 

10 

29 

9 

26 

0 

0 

38 

9 

26 

8 

24 

0 

0 

42 

8 

. 24 

8 

24 

0 

0 

46 

8 

24 

8 

24 

0 

0 

50 

7 

21 

8 

24 

0 

0 

Effect of Adrenal Cortical 

Extract 

TABLE II. 
and Penicillin 

on Survival 

of Alice Infected 

with 


Pneumococci. 

Treatment begun 22 hours after inoculation when 10% of mice were dead. 


Hr after 
pneumococcus 
inoculation 

Group I 

Penicillin G 
+ 

adrenal cortical extr. 

Group ir 
Penicilliu G 
+ 

corn oil 

Group III 

Saline 

coni oil 

No. living 

% living 

No. living 

% 

% living 



No. living 

% living 

22 

37 

100 

39 

100 

14 

100 

24 

30 

81 

35 

90 

14 

100 

26 

26 

70 

31 

80 

13 

93 

28 

22 

59 

30 

77 

11 

79 

30 

22 

59 

30 

77 

8 

57 

34 

21 

57 

29 

74 

3 

21 

38 

21 

57 

28 

72 

3 

21 

42 

20 

54 

28 

72 

0 

0 

46 

20 

54 

28 

72 

0 

0 

50 

19 

51 

25 

64 

0 

0 


ferent therapy groups. 

Group I received 250 units of crystalline 
sodium penicillin G dissolved in 0.5 cc saline 
intraperitoneally every 2 hours. These mice 
were also injected subcutaneously with 0.2 cc 
of adrenal cortical extract (Upjohn's “Lipo- 
Adrenal Cortex'') immediately after the first 
penicillin injection. Subsequently, at 4 and 
8 hours after this injection they received an 
additional subcutaneous injection of 0.1 cc 
of adrenal cortical extract. 

Group II was treated on the same dosage 
schedule of penicillin as Group I. However, 
subcutaneous injections of com oil (Mazola) 
were administered instead of adrenal cortical 

extract. . .r- • 

Group III was a control group. Mice m 


this group received 0.5 cc of saline instead 
of the penicillin solution every 2 hours, as 
well as the same type of corn oil injections 
received by Group II. In both experiments 
the therapeutic program was carried out for 
28 hours. 

First experiment. Ninety-eight mice aver- 
aging 14 g in weight were inoculated intra- 
peritoneally with 25,000 pneumococci per 
mouse. Treatment was delayed until 22 hours 
after inoculation when 5% of the mice were 
dead. The 93 survivors were divided at ran- 
dom into 3 groups and treated according to 
the plan described above. 

Second experiment. One hundred mice 
averaging 20 g each were inoculated intra- 
peritoneally with 75,000 pneumococci per 
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mouse. Treatment was withheld until 22 
hours after inoculation when 10% of the ani- 
mals had died. The 90 survivors were divided 
at random into 3 treatment groups as out- 
lined above. 

In addition, control experiments were per- 
formed which showed that adrenal cortical 
extract, corn oil, penicillin and saline injec- 
tions in the dosages and schedules used in the 
experiments had no noticeably harmful effects 
on uninfected mice. 

Results and comments. The mortality in 
the 3 treatment groups is indicated in Table I 
for the first experiment and in Table II for 
the second experiment. As would be expected, 
the groups treated with penicillin showed a 
much lower mortality than the controls re- 
ceiving no penicillin. No further improve- 
ment in mortality was effected by additional 
treatment with large doses of potent adrenal 


cortical extract. If these experiments are 
applicable to clinical situations, the results do 
not lend encouragement to the use of adrenal 
cortical extracts in. the treatment of patients 
moribund from bacterial infections. 

Summary. IMice of varying weights were 
inoculated intraperitoneally with large num- 
bers of Type I pneumococci and the infections 
allowed to proceed until from 5 to 10% of the 
animals had succumbed. The survivors were 
divided into groups at random and treated 
with penicillin and penicillin plus potent ad- 
renal cortical extract. No improvement was 
obtained in the therapeutic results achieved 
with penicillin by the additional treatment 
with adrenal cortical extract. 

We wish to thaiik Dr. E. Gifford XJpjoIm of the 
Upjoliu Pharmaceutical Company for generously 
supplying us witli Lipo-Adreual Cortex (XJpjolm). 
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Reproduction of Human Ulcerative Pulmonary Tuberculosis in Rabbits by 
Quantitative Natural Airborne Contagion.* 

Max B . Lurie and Samuel Abramson.! 

From the Henry Fliipps XiistitutCf TJniversUy of Pennsylvania^ Philadelphia, 


The purpose of this report is to outline a 
study in which the acquisition and develop- 
ment of human ulcerative pulmonary tuber- 
culosis was closely simulated in rabbits by 
exposing them to the inhalation of. known 
numbers of tubercle bacilli while breathing 
naturally in an exq)erimental apparatus. 

Materials and methods. An apparatus for 
airborne infection of rabbits, constructed at 
the Cornell University jMedical School, was 
placed at our disposal by Dr. Eugene L. Opie. 
This was modified in accordance with the 
principles elaborated by Wells^ and further 

* Mded by grants from the Commonwealth 
Fund and the Faculty Kesearch Committee, Uni- 
versity of Pennsylvania. 

f Tuberculosis Control Division, Public Health 
Service, Federal Security Agency. 

1 Wells, W. F., Science f 1940, 91, 172. 


adjusted by certain appliances directed to- 
ward improving its quantitative aspects. 

Fig. 1 gives a schematic drawing of the 
instrument. Briefly, a fine suspension of 
largely isolated, virulent bovine type tubercle 
bacilli, freed from clumps larger than a red 
blood cell by filtration through 'Whatman 
number 5 filter paper, is atomized with a 
known volume of compressed air in unit time 
through a specially designed nozzle. The 
large droplets settle out quickly in the spray- 
ing flask. A uniform flow of droplet nuclei, 
containing tubercle bacilli, is delivered into a 
mixing device where it is diluted with room 
air. Thence the contaminated air is drawn 
through a 16-foot pipe into a chamber where 
the rabbits are exposed. This chamber is 
exhausted by the draft action of a hot flame 
at the bottom of a baffled chimney connected 
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APPARATUS FOR QUANTITATIVE 

AIRBORNE INFECTION ' . 

( 1944 - 1946 ) 






1— Compressed air tank. 2 — Atomizer and spraying flask, 3 — Outlet for sampling aerosol. 
4r— Air inflow froni room. o—ATixing device. (>— PloiT-meter (Jiters/min.). 7— Tube which 
conveys infected air. 8-8^ -Shunt, 9 — Inlet tube to exposure chamber. 10 — Spreading cone. 
R ^Rabbit in cylinder, ^ with head protruding into exposure chamber through rubber collar about 
its neck. 11 — UJtraidolet lamp. 12 — Outlet tube from e.xposure chamber. 13 — Outlet for 
sampling exposure chamber. 14-~Iuclined draft gauge. 15— Wells air centrifuge. 10— .Ur 
centrifuge exhaust tube, 17 — ^Burner. 18 — ^Baified incinerating chimney. 19 — Exhaust fan. 


to the outlet of the chamber. The incinerated 
air is exhausted to the outdoor atmosphere 
bjr a fan. 

The concentration of tubercle bacilli in the 
air respired by the exposed rabbits is deter- 
mined culturally- with the aid of a Wells air 
centrifuge, provided with a calibrated inclined 
draft gauge, which gives the exact volume of 
air sampled. Since the total volume of con- 
taminated air respired by the rabbits during 
their period of exposure can he determined^^ 
the number of bacilli to which they were 
exposed can be calculated. 

If the bacilli in the exposure chamber are 
too few to be accurately determined directly, 
they can be estimated by ascertaining their 
number in the aerosol immediately after it 
leaves the spraying flask and before it is 
diluted by the inflowing room air. The dilu- 
tion factor existing between the concentration 
of bacilli in this aerosol and that in the ex- 
posure chamber can be empirically de termined 

3 Lurier^ B^f jTjb'xp, Jlcd., 1034, 00, 303. 

• ajlurphy, P. C., and Tliorpe, E. S., J. Clin. 
Invest., 1931, 10, 545. 


by numerous preliminary calibrations. This 
factor depends, in part, on the volume of room 
air added to a unit volume of aerosol in a 
given time, and can be calculated from data 
obtained by a flowmeter which measures the 
rate of air flow through the system. This 
determination is made possible by introducing 
a shunt into the duct which feeds the infected 
air to the exposure chamber. By means of 
this shunt, which is provided with appropriate 
valves, the infected air can be made to by: 
pass the exposure chamber in which tlie 
rabbits are placed, and in which they can 
breathe uninfected air while the concentration 
of bacilli in the aerosol is ascertained. At tlie 
desired moment, without altering the inflow 
of infected air and without danger to the 
operators, the valves can be adjusted and the 
contaminated air allowed to flow through the 
e.xposure chamber. 

Experimental. Twenty-nine rabbits, of un- 
known genetic resistance to tuberculosis, in 
groups of 2 to 5, in 9 separate e.xperiments 
were e.xposed to the inhalation of varying 
numbers of highly virulent bovine type tuber- 
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TABLE I. 

Belatiou Between tlie JTumtier of Tubercle Bacilli Bespirea and the Number o£_ 

Tubercles Developed. 

1 

Exp. 

Ko. 

o 

Xo. of tubercle 
bacilli per 1. 
respired air 

3 4 

Ko. of tubercle 
Babbit bacilli calculated 
No. as respired 

5 

No. of primary 
tubercles found 
in both lungs 

6 

Batio between 

No. of tubercle 
bacilli respired and 
No. of tubercles 
’ in lungs 

1 

1217 

1 

8,819 

591 

14.9 


} y 

o 

8,041 

973 

S.2 


y y 

3 

10,116 

1,270 

8.0 

o 

643 

4 

3,858 

l,34:i 

2.8 


y y 

5 

4,629 

’ 833 

'5.5 

3 

468 

6 

2,808 

425 

6.6 


y y 

7 

2,574 
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de bacilli of the strain Ravenel grown on a 
modified Lowenstein medium.- The number 
of bacillar\’' units in the air respired by the 
rabbits in the individual experiments ranged 
from 5 to over 1200 per liter, and are listed 
in column 2, Table L 

Given the duration of exposure of each 
rabbit to the known, concentration of bacilli 
in its respired air, the total number of bacil- 
lary units to which the rabbits were exposed 
can be calculated by Kleiber’s formula.^ This 


states that animals inhale 212 cc of air per 
minute per kilo of body weight to the three- 
quarter power in order to satisfy their oxygen 
needs. Column 4 lists these figures. 

That the number of bacilli calculated to 
have been inhaled by this method is not far 
from the actual number of microorganisms 
found in the lung immediately after exposure 
has been noted previously.^ It is also sug- 
gested in this table. It will be seen that in 

5 Wells, W. F., and Luiie, il. B., Am. J. Uyg,, 
1941, 34, Sect. B, 21. 


•* Kleiber, M., Science f 1914, 00, 542. 
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rabbit V 414, 07 da^^s after exposure. Three foci are visible. A 
waUed oft cavity in the third interspace and areas of consolidation in the sixth and eiKldh inter- 
spaces. respectively, of the left lung arc indicated by arroivs. 

Fig. 3. Radiograph of tlie rabbit shown in Fig. 2, 48 days later. The progression of the 
disease in the left lung is evident. The right lung is normal. 

luugs and kidneys of rabbit V 300 at death, 0.5 months after exposure. One of 
the 3 primary cavities found in the right lung is seen in the lower lobe. Infarcts of noutuber- 
eulous origin in both kidneys. 

experiment 4 it was estimated that rabbit 12 of tuberdes present in both lungs was cal- 
had inhaled 1413 bacillary units. Actually, culated. This procedure was justified be- 
1012 tubercle bacilli were recovered from its cause, in these instances, the tuberdes were 
lungs immediately after exposure, as recorded uniformly distributed throughout both lungs, 
in column 5. Again, in e.xperiment 8, it was It will be noted in columns 4 and 5 that 
calculated that rabbit 26 had inhaled 75 there is a general correlation between the 
bacilli. Actually, column 5 shows that 100 number of primary ^tubercles found in the 
organisms were cultured from . its lungs. lungs and the number of bacillary units esti- 
Similarly dose checks between the bacilli cal- mated to have been inhaled. The larger the 
culated as inhaled and the number recovered number inhaled the larger the number of 
from the lungs have been observed since on primary pulmonary foci. However, there is 
many occasions. no constant ratio between the number of 

Five to 6 weeks after exposure the rabbits bacilli required to generate a single tubercle 
were killed and the number of primary tuber- in the different experiments, nor even in 
cles present in their lungs was carefully de- different rabbits of the same e.xperiment 
termined by excising each individual focus in inhaling the same infected air. This ratio 
both lungs. In those instances where the is listed in column 6, and ranged from 2 to 32 
tuberdes were too numerous for direct count- bacillary units per tubercle in the 9 e.xperi- 
ing, these were estimated as follows: After ments. In one and the same experiment this 
removing the bronchi at their junction with ratio was often 3 times greater in one animal 
the pulmonary parenchyma, both lungs were than in another. The average ratio in all 
weighed. One lobe from each lung was also the 26 rabbits was 9 it: 7 bacillary units per 
accurately weighed and the number of tuber- tubercle generated. Whether this ratio de- 
cles in these direct!}'' counted by enucleation pends on the native resistance of rabbits or 
of each nodule. By simple ratio the number on other factors has not yet been determined. 
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TABLE IT. 

Fate of Babbits of Eace III, Sensitized with Heat-killed Tubercle Bacilli and Exposed 5.5 Hontlis 
Later to the Inhalation of About 50 Virulent Borine Tubercle Bacilli. 


Rabbit 

No. 

Survival after 
exposure, mo. 

Type of tuberculosis 

V3G9* 

Still living, 26 

No evidence of tuberculosis. 

U784 

Killed, 4.7 

No tuberculosis. 

V36G 

9.5 

3 small, well walled off cavities in right lung. No tuberculosis 
elsewhere, including hiluui nodes. Large infarcts iu both kidneys. 

V30 

lO.X 

1 large cavity with limited bronchogenic spread in upper lobe of 
each luug. Hilum nodes normal Ulcerative tuberculosis of 
larynx. Single miliary tubercle in one kidney. 

V414 

7.3 

Unilateral ulcerative pulmonary tuberculosis with slight, contra- 
lateral lesions. Hilum nodes normal. Miliary tubercles in each 
kidney. Ulcerative laryngeal tuberculosis. One large tuber- 
culous pleural nodule. Tuberculosis of one wrist joint. 

V2G7 

6.6 

Completely excavated tuberculosis of all lobes of right luug, in- 
cluding the azygous lobe. Consolidation of upper lobe of left 
lung and bronchogenic spread to lower lobe of same lung. 
Hilum nodes normal. Few miliary tubercles in one kidney. 


* This labbit was not sensitized with heat-killed tubercle bacilli before exposure. 


Using the above observations as a basis, a 
group of 5 highly inbred rabbits of Race III, 
obtained from Dr. Paul B. Sawin of the 
Roscoe B. Jackson ^Memorial Laboratory, 
were given 6 consecutive, weekly intra- 
cutaneous injections of heat-killed bovine type 
tubercle bacilli, totaling 7 mg per rabbit. 
Five and one-half months after the last 
injection of heat-killed tubercle bacilli, these 
5 vaccinated rabbits together with a sixth 
un vaccinated animal of the same race were 
exposed simultaneously in the apparatus for 
10 minutes to droplet nuclei of virulent bovine 
type tubercle bacilli of the Ravenel strain 
derived from a culture on glycerol agar. 
There were 10 bacillary units per liter in 
the air respired by these rabbits. On the 
basis of the above noted Kleiber formula it 
was estimated that each rabbit inhaled about 5 
liters of this infected air, or about 50 bacilli. 
Two months after e.\posure some of the 
rabbits showed radiographic evidence of sharp- 
ly defined pulmonary lesions, some with cavity 
formation (Fig. 2); 2-3 such foci were found 
in these rabbits at this time. It must be 
noted that preliminary studies on this inbred 
race of rabbits had shown that they were of 
high genetic resistance to tuberculosis. 

Table II details the results of this experi- 


ment. It will be noted that the unvaccinated 
rabbit, V 369, had never shown any evidence 
of tuberculosis and is still living 26 months 
after the exposure. A vaccinated animal, 
U 784, was killed 4.7 months after exposure 
and no gross tuberculosis was found anywhere 
in the body. The remaining 4 vaccinated 
rabbits showed strictly localized ulcerative 
pulmonary tuberculosis of va lying degree of 
extension. In no instance were the draining 
tracheobronchial lymph nodes involved, and 
hematogenous dissemination to the rest of the 
body was limited to a few scarcely visible 
miliary tubercles in the cortex of one or both 
kidneys, with the single exception stated 
below. 

The least extensive disease was seen in 
rabbit V 366 (Fig. 4). In its right lung there 
were three small, ^Yell walled off cavities, 
about 2-5 mm in diameter, containing tubercle 
bacilli. These apparently represent the 
original primary foci which had undergone 
caseation and liquefaction and had become 
encapsulated. There was no bronchogenic, 
lymphogenous, or hematogenous dissemination 
beyond these primary lesions when the rabbit 
died from renal infarction 9.5 months after 
infection as a result of a surgical operation. 

In V 30 (Fig. 5) the disease spread by 



^ I’lG, o. The oigaus of rabbit V 30 at deaths 10.1 nionths after exposure. One lar^'^e c.avity 
m each lung with limited brouchogeuic spread in both. Tiacheohronehial nodes and'^hidnevj,, 
normal. Ulcerative tuberculous laryngitis with tubular spread to the appendix* seen below 
left lung. lit 

Fig. 6.^ Organs of rabbit V 414 at de.ath, 7.3 months after exposure. Lbiilatcral ulcerative 
^bcrculosis iu left lung with slight bronchogenic dissemination in the upper lobe of right lung. 
Tracheobroncliial nodes and kidneys, normal. Ulcerative tuberculous laryngitis. Tuberculous 
pleural nodule in the right lower corner of photograpli. The progression of the disease in this 
rabbit during the first 4 months of the infection is depicted in Figs. 2 and 3 above. 

Fig. 7. The organs of rabbit V 267 at death, G.G mouths after exposure. Completely ex- 
cavated tuberculosis of all lobes of right lung, including az^’^gous lobe wliicli is depicted just 
above the right kidney. Consolidation of upper lobe of left lung and bronchogenic spread to 
lower lobe of the same' lung. Tracheobronchial nodes, normal. The few, minute, miliary tuber- 
cles ill the kidneys cannot be seen. 

bronchogenic dissemination to a considerable site lung and the bronchogenic spread to tlie 

portion of both lungs from a single large lower lobe of the same lung, 

cavity in each. The rabbit was asphyxiated Thus, a group of 6 rabbits of the same 
by an ulcerative tuberculous laryngitis 10.1 highly inbred, genetically resistant family 
months after infection. In the next rabbit of showed all the degrees of resistance as seen 
this series, V 414, the disease extended to a in man; from failure of the disease to take 
greater degree. Fig. 2 and 3 show the pro- root at all, to the formation of primary lesions 
gression of the disease in the lungs during which did not extend beyond their site of 
the hrst 4 months of the infection. Fig. 6 inception, to limited bronchogenic disseniina- 
illustrates the character of the tuberculosis tion from the primary ulcerative foci, to uni- 
at death. There was a unilateral destructive lateral ulcerative phthisis, and finally, to a 
phthisis with slight contralateral lesions. This rapidly progressive ulcerative tuberculosis 
rabbit also died with tuberculous, ulcerative which had destroyed one lung and was pro- 
laryngitis, 7.3 months after its infection, gressing from the upper to the lower lobes 
There was some pleural tuberculosis and one in the contralateral lung. The similarity, of 
wrist joint was involved. Finally, the disease these observations to the varying types of 
extended most rapidly in rabbit V 267, which ulcerative pulmonary phthisis as seen in man 
died 6.6 months after exposure to the inhala- is striking. 

tion of 50 tubercle bacilli from complete While these animals all showed a locahza- 

excavation of all the lobes of the right lung tion of the disease which is characteristic of 
including the azygous lobe. , Fig. 7 illustrates resistant rabbits, as evidenced by their 
the resulting thick walled cavities, the caseous capacity to limit the infection to the portal of 
consolidation of the upper lobe of the oppo- entry, the lung,*^ they varied markedly in 
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their to restrict the dissemination of 

the dise^e by bronchogenic spread. 

It is noteworthy that there was evidence 
in some of the rabbits that 50 inhaled bacilli 
had given rise to about 3 primar\^ pulmonary 
lesions. These 3 pulmonary lesions w*ere seen 
in rabbit V 366 at death and, in rabbit V 414 
(Fig. 2), 3 foci were identified in the radio- 
graph of its lungs 2 months after infection. 
It is noted above that an average of 9 7 

tubercle bacilli - \vere necessary to generate 
a single tubercle in the preliminary experi- 
ments. Therefore, taking- the larger figure, 
16, as applicable in this series, 3 primary 
pulmonary foci \vould be expected from these 
50 inhaled bacilli. The larger ratio is likely 
for this group since these rabbits, unlike the 
former animals, ^vere slightly immunized with 
heat-killed tubercle bacilli prior to exposure. 

Summary. A modification of an apparatus 
for quantitative airborne infection as devised 
by Wells is described. Its use has indicated 
that, while the number of tubercles generated 
in the lung is to a certain degree proportional 

6 Lurie, M. B., .4m. ^er. Tuhcrc., 1941, 44, 
Suppl. 1, 


to the number of droplet nuclei of tubercle 
bacilli inhaled, there is no constant ratio 
between the number of tubercle bacilli arrested 
in the lung and the number of primary 
tubercles generated therein, even when the 
rabbits breathe the same infected air simul- 
taneously. 

By exposing vaccinated highly inbred, 
genetically resistant rabbits to the inhalation 
of known small numbers of virulent bo\dne 
t\^pe tubercle bacilli it was possible to repro- 
duce various types and phases of human 
localized ulcerative pulmonary tuberculosis 
of the adult or reinfection type. These phases 
ranged from complete resistance to the infec- 
tion to varying degrees of bronchogenic dis- 
semination from excavated foci to one or 
both lungs. There was little or no tympho- 
genous or hematogenous ' dissemination from 
the pulmonar}^ portal of entry in these rabbits. 

It is a pleasure to ackaowleiige tlie aid given 
us by Mr. K. J. Ott of the Philadelphia Gas Co., 
in calibrating the inclined draft gauge, and that 
of Mr. Peter Zappasodi for the photographs in- 
this paper. 
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Failure of Antihistaminic Drugs to 'Reduce Reactive Hyperemia in Man.^ 

Milton Lando^vneI and Walter S. Tho:mpsox, Jr. 

From the Department of Ifedicine, University of Chicago. 


The physiological response of regional dila- 
tation consequent to circulatory arrest has 
been designated as reactive hyperemia. The 
studies of Lewis and Grant^ and Goldblatt- 
presented evidence indicative that this is a 

♦Aided by a grant from the Douglas Smith 
Foundation for Medical Research of the Univer- 
sity of Chicago, 

i Present address: Cardiovascular Research 
Unit, Veterans Administration Hospital, Wash- 
ington, D.C. 

1 Lewis, T., and Grant, R., Heart, 1925-26, 12, 
73. 

2 Goldblatt, H., Heart, 1925-2G, 12, 2S1. 


local response and the former suggested that 
the accumulation of a chemical w’as responsible 
for the vasodilatation. Later Lewis^ labeled 
this agent H-substance and defined it as “an}’- 
substance (or substances) that is liberated 
by the tissue cells and exerts on the minute 
vessels and nerve endings an influence cul- 
minating in the triple response*’. Subsequently 
others'^ reported finding increased amounts 

3 Lewis, T., The Blood Vessels of the Human 
Skin and Their Responses, 1927, London, Shaw 
and Sons. 

■«Barsoum, G. S., and Gnddum, J. H,, J. 
Fh’jsM., 1935, 85, 13P. 
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^ S'lG* 5. The organs of rabbit V 30 at death, 10.1 woaths after exposure. Oue large euvit}' 
in each lung ivith limitea bronchogenie spread in both. Tracheobronchial nodes and kidneys, 
norinal. Ulcerative tuberculous laryngitis with tubular spread to tlie appendix, seen below 
left lung. 

Pig. 6. Organs of rabbit V 411 at death, 7.3 months after exposure. Unilateral ulcerative 
tuberculosis in left lung with slight bronchogenic dissemination in the upper lobe of right lung. 
Tracheobronchial nodes and kidneys, norinal. Ulcerative tuberculous laryngitis. Tuberculous 
pleural nodule in the right lower corner of photograph. The progression of the disease in tliis 
rabbit during the first 4 months of the infection is depicted in Uigs. 'Z and 3 above. 

Pig. 7. The organs of rabbit V 267 at death, 6.6 mouths after exposure. Completely ex* 
cavated tuberculosis of all lobes of right lung, including azygous Jobe which is depicted just 
above the right kidney. Consolidation of upper lobe of left lung and bronchogenie spread to 
lower lobe of the same lung. Tracheobronchial nodes, normal. The few, minute, miliary tuber- 
cles in the kidneys cannot be seen. 


bronchogenic dissemination to a considerable 
portion of both lungs from a single large 
cavity in each. The rabbit was asphyxiated 
by an ulcerative tuberculous laryngitis 10.1 
months after infection. In the next rabbit of 
this series, V 414, the disease extended to a 
greater degree. Fig. 2 and 3 show the pro- 
gression of the disease in the lungs during 
the first 4 months of the infection. Fig. 6 
illustrates the character of the tuberculosis 
at death. There was a unilateral destructive 
phthisis with slight contralateral lesions. This 
rabbit also died with tuberculous, ulcerative 
laryngitis, 7,3 months after its infection. 
There was some pleural tuberculosis and one 
wrist joint was involved. Finally, the disease 
extended most rapidly in rabbit V 267, which 
died 6.6 months after exposure to the inhala- 
tion of SO tubercle bacilli from complete 
excavation of all the lobes of the right lung 
including the azygous lobe. . Fig. 7 illustrates 
the resulting thick walled cavities, the caseous 
consolidation of the upper lobe of the oppo- 


site lung and the bronchogenic spread to the 
lower lobe of the same lung. 

Thus, a group of 6 rabbits of the same 
highly inbred, genetically resistant family 
showed all the degrees of resistance as seen 
in man; from failure of the disease to take 
root at all, to the formation of primary lesions 
which did not extend beyond their site of 
inception, to limited bronchogenic dissemina- 
tion from the primary ulcerative foci, to uni- 
lateral ulcerative phthisis, and finally, to a 
rapidly progressive ulcerative tuberculosis 
which had destroyed one lung and was pro- 
gressing from the upper to the lower lobes 
in the contralateral lung. The similarity of 
these observations to the varying types of 
ulcerative pulmonary phthisis as seen in man 
is striking. 

While these animals all showed a localiza- 
tion of the disease which is characteristic of 
resistant rabbits, as evidenced by their 
capacity to limit the infection to the portal of 
entry, the lung,*^ they varied markedly in 



* B iiihviviMious bi‘nudr.yl; 1* <»i‘al pyrjbfnznnuHe, 
t Not iiJfluded hi average, 
t SyiHpatliecloiujxed. 
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of histamine, or of a substance vnth the “bio- 
logical properties of histamine'', in the venous 
blood during reactive hyperemia and con- 
cluded that this was responsible, at least in 
part, for the vasodilatation, Emmelin et alJ 
and Kwiatkowski,^ using the same or modifi- 
cations of the same method of analysis for 
histamine, were unable to confirm these re- 
sults, They stated, however, that their findings 
did not exclude the possibility that histamine 
is formed m situ and plays a role in the de- 
velopment of reactive hyperemia, as the pos- 
sibility remains that it might not readily dif- 
fuse away from the site of action. 

Despite certain objections,^ Lewis' studies 
and the subsequent work have led to the gen- 
erally accepted hypothesis that the vascular 
response in reactive hyperemia is due primari- 
ly to the accumulation of histamine or a hista- 
mine-iike substance. The recent develop- 
ment of the antihistaminic drugs and the es- 
tablishment of their histamine antagonizing 
property suggested a method whereby the 
validity of this concept might be tested in 
man. While this work was in progress a re- 
port of a similarly directed study in the cat 
appeared.^^ 

Method, Six subjects were studied. These 
included 5 male patients hospitalized for rea- 
sons other than cardiovascular disease and one 
hypertensive female patient before and 24 
days after combined nephrectomy and uni- 
lateral sympathectomy. Measurement of 
blood flow in the foot and distal portion of the ’ 
leg was made by means of a venous occlusion 
volume recording plethysmograph according 
to principles previously described. This en- 

^Barsoum, G. S., and Smirk, F. H., Clinical 
Sciencet 1936, 2, 353, 

c Anrep, G. V.. Barsoum, G. S., Salama, S., and 
Souulan, Z., J, Fhysiol.f 1944, 103, 297. 

TEmmeiin, N., Kalilson, G., and Wicksell, F„ 
Acta Physiol, Scand., 1941, 2, 110. 

s K'wiatkowski, H., J. Physiol.^ 1941, 100, 147. 

0 Hamilton, W. F., Chapter 38 in HowelFs Text- 
book of Physiology, edited by J. F. Fulton, loth 
Ed., 1946, Philadelphia, W. B. Saunders. 

10 Emmelin, K., and Emmelin, X., Acta Physiol, 

Scand,i 1947, 14, 16. . « ^ 

iiLandowne, M., and Katz, L. X., Heart 

J,, 1942, 23, 644. 


tailed placing the part of the limb to be tested 
within an airtight chamber. At the pro.ximal 
margin of the plethysmograph a cuff 4 cm wide 
was placed around the leg and used to 
produce venous occlusion. A cuff 17 cm 
wide was placed about .the thigh for the pur- 
pose of producing arterial occlusion. Both 
cuffs were attached to tanks in such a manner 
that by means of a system of valves any de- 
sired pressure could be rapidly obtained or 
released. The majority of studies were made 
after the subject had an average hospital 
breakfast, and they extended over 2 to 3 
hours. Temperatures within the plethysmo- 
graphic chamber were between 25.6° and 
29.4° C. After at least 30 minutes of rest in 
the supine position determinations of resting 
flow were made as frequently as every 20 
seconds. Reactive h3rperemia was produced 
by the inflation and release of the arterial 
occlusion cuff. The cuff was rapidly inflated 
to approximately 220 mm Hg and the occlu- 
sion was maintained for periods of one-half to 
10 minutes. Just prior to release the venous 
occlusion cuff was inflated and thus the initial 
inflow rate immediately following the release 
of arterial occlusion could be recorded with 
minimal distortion. The initial inflow rate 
is taken as representative of the degree of 
vasodilatation resulting from the occlusion. 
The subsidence of the vasodilatation was noted 
by repeating determinations of flow as often 
as every 15 seconds. At least one minute 
after subsidence of hyperemia the arterial oc- 
clusion was repeated, until a number of 
measurements of hyperemia were made. After 
completion of these control observations under 
normal conditions, “benadryl” (beta-dimethyl- 
aminoethyl-benzhydryl ether hydrochloride) 
10 to SO mg intravenously, or “pyribenzamine" 
(beta-dimethyl-aminoethyl - 2 - pyridyl-benzyl 
ammonium chloride) 50 mg orally, was ad- 
ministered. Observations were repeated at 
intervals for more than an hour. 

The volume of the portion of the limb tested 
was measured by water displacement, and 
flows were e.xpressed in terms of cc/min./lOO 
cc limb. In 2 of the subjects intradermal in-‘ 
jections of 0.1 cc containing 0.01 to 0.1 y 
of histamine base were used to demonstrate 
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TABLE II. 

Effect of Antihistaminic Drug Upon Wliealing Producetl hy Intrademial Histamine. 
(0.1 tc of a concentration of 1.0 y per cc of histamine base was injected intra- 
dermally before and 17 min, after 30 mg of ^^Beiiadrvr^ intravenously.) 

Min. after 

injection Before drug After drug 


3 

size of wlical, mm 

25 X 14 

15 X 12 


eiy’thenia, mm 

30 X 35 

20 X 20 

13 

wheal 

22 X 20 

15 X 14 


erythema 

40 X 45 

33 X 33 

23 

wheal 

22 X 20 

15 X 12 


erytliema 

47 X 55 

33 X 33 


intense 

fading 


flow, quantitation of either the total amount 
or of the duration of the increased circulation 
is not feasible under these conditions. Xo 
qualitative differences were observ^ed in these 
aspects of reactive hyperemia after anti- 
histaminic drug. 

In comparing the period before adminis- 
tration of the antihistaminic drug with that 
afterward it will be noted that no significant 
effect of the drug upon blood flow is demon- 
strated. In some experiments there was a 
slight average increase in resting flow, and a 
comparable average increase in hyperemic 
flow. The air temperature within the plethys- 
mographic chamber rose 0.5° to 2.5 °C, an 
average increase of 1.1 °C. The increase in 
local temperature, further relaxation of the 
subject, and any effects of specific dynamic 
action are factors which may account for a 
slight increase in flow during the latter part 
of an experiment. 

The effectiveness of the antihistaminic 
agents used is indicated by the illustrative 
experience presented in Table II. The wheals 
and surrounding erythematous halo were 
smaller in size and persisted for a shorter 
period of time when histamine in graded 
dosage was injected after the administration 
of the drug. 

Discussion. The data presented demon- 
strates the failure of antihistaminic drugs to 
reduce the vasodilatation of reactive hyper- 
emia in the human limb. This confirms the 
work of Emmelin and Emnielin^^ who were 
unable to show in the cat that antihistaminic 
drugs reduced the hyperemic \l3lume increase 
following circulatory arrest. 


In our studies an antihistaminic drug was 
carried to the tissues by means of the circula- 
tion. The concentration attained was suffi- 
cient to decrease the local intradermal wheal- 
ing effect of 0.1 cc of concentration of 1.0 y 
per cc of histamine base. Lewis considered^ 
that histamine introduced into the skin acted 
upon the walls of the minute vessels. Emmelin 
and Emmelin^*^ showed that the effect of intra- 
arterial histamine upon the minute vessels of 
the cat's hind limb could be reduced by an 
antihistaminic drug. Thus exogenous his- 
tamine, applied either from the outside or 
from within the lumen of the vessel, may have 
its effect upon the vessel wall reduced by the 
antihistaminic drug. The mechanism of the 
histamine blocking ability of these drugs is 
not known, but it has been suggested^- that 
it is due to a competitive or combining prop- 
erty of the drug at the site of action of 
histamine rather than with histamine itself. 
This site of action would be at some portion 
of the cell surface or within the particular 
cells concerned in effecting the response. The 
inhibition of the action of exogenous histamine 
by an antihistaminic drug would indicate that 
the antihistaminic had reached this site of 
action. In this event, the effect of endogenous 
histamine, if produced outside or within the 
particular cells of the blood vessels which 
cause the vasodilatation of reactive hv’per- 
emia, should also be inhibited by circulating 
antihistaminic drugs. 

The alternative possibility, that the effector 

1- Friedlaemlcr, S., and Feinberg, S. M., J. 
Allergy, 194G, 17 . 129. 
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Fig. 1. 

The effect of au anfcihistamiuic drug upon hlood flow at rest 
and during reactive hyperemia following arterial occlusion of 
1, 2, and 3 minutes, respectively. Averaged data from jfive sub- 
jects. The “controH^ hyperemia after three minutes of ischemia 
has been arbitrarily given the value of 100. 

the effectiveness of the antihistamine drug, histaminic drug. In all other comparisons 
This was done simultaneously with the blood greater hyperemic how was recorded after giv- 
how studies. ing the drug than before. The average change 

Results, Average blood flows recorded be- in hyperemia for all groups was 0.65 cc/min. 
fore and after the administration of the anti- (range ±: 2.20 cc/niin.). The average change 
histaminic drug during the resting state and for each subject was 0.54 cc/min, (range 
at the onset of reactive hyperemia are sum- -0.20 to + cc/min.); and the average 
marked in Table I.' Each value for resting change after occlusions of like duration was 
flow represents the average of seven to 30 0.46 cc/ min., or 5.5%. The average per- 
determinations, a total of 134 before and 99 centage change in each of these categories of 

after the drug. The average difference in comparison was between 10 and 15%. 
average resting flows before and after ad- In Fig. 1 are presented the averaged results 
ministration of the drug is 0.08 cc, a decrease in 5 experiments before and after the admin- 
of 3%. The average of the per cent difference istration of the antihistaminic drug comparing 
in each subject is plus 16%j due to low rest- flow at rest and during reactive hyperemia 
ing control flows in two cases. where arterial occlusions of one-half, one, 2 

Each value for hyperemia represents the and 3 minutes respectively were used. The 
flow after either one to 4 periods of occlusion initial hyperemic flow after 3 minutes of 
of the duration indicated. Hyperemia was occlusion before the drug was given is arbi- 
measured 39 times before and 36 times after trariiy taken as a comparison standard of 100. 
the drug. Nineteen grouped comparisons The duration of reactive hyperemia was 
were made. In only 4 of these was a decrease brief, particularly after the shorter occlusions, 
in flow noted after administration of the anti- Because of the normal fluctuations m testing 



Nucleic Acid of Leukemic Chromosomes 


543 


TABLE I. 

The Kucleic Acid and Nitrogen Content of the Whole (W) and Residual (R) Chromosome 
Fractions of Normal and Leukemic Mouse Spleen. 



Exp. No. 

Nitrogen — ^R/AV, % 

DNA,-y/7lf 

PNA, 7/7 N 

Normal 

1 

W 


2.45 




R 

14 

0.15 

0.18 


2 

R 

— 

0.13 

0,19 


3 

AV 


2.08 




R 

18 

0.05 

0.19 

Leukemic 

1 

R 

14 

0.17 

0.32 


3 

AV 


2.77 




R 

23 

1.21 

0.36 


4 

AV 


2.52 




R 

15 

0.19 

0.45 


“residual chromosomes,” which contain pro- 
tein, pentose nucleic acid (PNA), and pos- 
sibly a small amount of DNA. In this labora- 
tory the whole and residual chromosomes of 
normal and leukemic mouse spleen, have been 
isolated by the method of Alirsky and Ris.^ 
The preparations have been examined micro- 
scopically and analyzed chemically for their 
DNA, PNA, and nitrogen contents. 

Materials and methods. Mice of the Akm 
strain, about 3 months of age, were used. 
When injected with leukemic spleen minced 
in saline (strain 9421) they developed ad- 
vanced leukemia in 8 or 9 days. The mice 
were sacrificed by spinal fracture, and the 
spleens removed immediately. The spleens 
of the normal controls averaged 180 mg in 
weight, while the leukemic spleens averaged 
600 mg in weight. About 9 g of spleen were 
homogenized in 0.88 AI sucrose, for cell frac- 
tionation studies which will be described else- 
where.- The nuclear fraction was resuspended 
in 0.15 M NaCl. The nuclei were broken in 
a refrigerated Waring mixer and the chromo- 
somes isolated.^ The progress of the isolation 
was followed microscopically by smears 
stained with Wright^s stain. 

Samples of the whole chromosomes were 
fixed and stained with Feulgen-light green 
and by other methods, and examined micro- 
scopically for traces of cytoplasm.^ The nu- 
cleohistone was removed by extraction with 
j\I NaCl until the washings showed prac- 
tically no absorption of light at 260 m/i. The 

-• Petermnun, M. L., B., and 
Laraek, A, !M., Criuccr, in press. 

t Through the oourtesy of Dr. .Tohii J. Biesele. 


residual chromosomes were suspended in M 
NaCl. Nitrogen was determined by Ness- 
lerization,^ The nucleic acids were extracted 
with hot trichloroacetic acid and analyzed for 
DNA by the diphenylamine test and for PNA 
by the orcinol test.^ 

Results. The whole chromosome fraction 
was fairly free of light green-staining material 
on microscopic examination. The residual 
chromosomes were badly clumped and could 
not be examined in detail. 

Chemical analysis (Table I) showed that 
the DNA content of the leukemic chromo- 
somes was the same as or slightly higher 
than that of the normal chromosomes. 
Both sets of values correspond to a 
DNA content of about 37% of the total 
chromosome, which is similar to the values 
found for “chromatin threads” from leukemic 
mouse spleen and rat leukemic tumors^ and 
for whole chromosomes from calf thymus.^ 

The PNA content of the whole chromosome 
fraction, as determined by the orcinol reaction 
in the presence of a large excess of DNA, is 
only an approximate value. Only traces were 
found in the normal chromosome fraction, and 
slightly more (0.1 y per y of N) in that from 
leukemic spleen. 

The residual chromosome fraction from 

3 Umbreit, W. W., Burris, R. H., and Stauffer, 
J, F., Manometric technics and related methods 
for the study of tissue metabolism, Mumeapolis, 
1945. 

^Selmeider, AV. C., J. Biol Chcm., 1945, ICl, 
293; 1946, 1G4, 747. 

3 Claude, A., and Potter, J, S., J. Exp. Med., 
1943, 77, 345. 
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cell is not penetrated by the antihistaminic 
drug, requires that the site of action of his- 
tamine be at a surface to which exogenous 
histamine is carried, by the circulation, by 
penetration through cells, or by passage be- 
tween cells. In this circumstance it is con- 
ceivable that endogenous histamine may, 
arising within the cell, reach and act upon 
the surface in a manner not open to inhibition 
by the agent used. This is unlikely. ^^Ben- 
adryl” is a small, ionizabie molecule which 
readily passes from the circulating blood to 
the extracellular spaces. There is no evidence 
to indicate that it is unable to traverse the 
cellular structure of the vessel wall in its 
passage. Clinical studies^^ have shown that 
those allergic manifestations held to be due 
to an increase in endogenous histamine activ- 
ity are reduced by antihistaminic drugs. This 
requires that the drug reach the site of action 
of the endogenous histamine liberated in these 
disorders. 

The term “antihistaminic” indicates that 
these drugs possess the ability to inhibit the 
biological effects of histamine. It would be 
expected that a “histamine-like” substance 
“with the biological properties of histamine” 
would be similarly inhibited. This cannot be 
determined, of course, until such substance 
is actually demonstrated. 

Thus the failure of antihistaminic drugs 
to reduce the vasodilatation of reactive hyper- 

13 Feinberg, S. M., J. A, A., 1946, 132. 702. 


emia in man can be considered to mitigate 
strongly against, the generally accepted con- 
cept that histamine or a histamine-like sub- 
stance is the primar}^ factor in the vasodilata- 
tion of reactive hyperemia. 

The unmodified persistence of the capacity 
for reactive hyperemia after sympathetic de- 
nervation indicates, as Lewis pointed out,^ that 
this phenomenon is not dependent upon sym- 
pathetic integrity. The antihistaminic drug 
failed to modify reactive hyperemia in the 
sympathectomized limb. This demonstrates 
that the drug does not normally tend to evoke 
a compensatory reduction in sympathetic 
activity’ which could mask an effect on re- 
active hyperemia. 

Summary and Conclusions. 1. In 6 subjects 
reactive hyperemia was produced in the legs 
by release of arterial occlusion maintained 
for from one-half to 10 minutes. Blood flow 
in the foot and distal portion of the leg was 
measured with a venous occlusion plethysmo- 
graph. The initial inflow rate immediately 
following release of arterial occlusion is taken 
as representative of the degree of vasodilata--' 
tion resulting from the occlusion. 

2. After administration of effective amounts 
of antihistaminic drugs the reactive hyperemia 
was not diminished. 

3. The mechanism of reactive hyperemia 
has not been shown to be due to release of 
histamine or “H-su bstance.” It is as yet 
unexplained. 
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Nucleic Acid Content of Chromosomes o£ Normal and Leukemic 

Mouse Spleen."^ 

Mary L. Petermann and Ethel J. Mason. (Introduced by C. P. Rhoads.) 

From the Sloan-Ketterino Institute for Cancer Research, Xcw York Citij, 


It has recently been shown by Mirsky and 

* The expenses of this iuvcstigatiou ivere de- 
frayed by graats from the Office of Naval Re- 
search, the National Cancer Institute of the United 
States PubUc Health Service, the Fijiney-Howcl| 
Foundation, and the James Foundation of Nen^ 
York, Inc. 


Ris^ that chromosomes may be isolated from 
the resting nucleus. These Isolated chromo- 
somes are made up chiefly of deso.vvq^entose 
nucleic acid (DNA), histone, and the 


1 JUrsky. A. E., «jul Ris, K-, -I- 
3947, 31, 1, 7. 
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HOURS 

Grapu 1. 

Effect of strevtomyciu on the growth of a streptomycin-resistnnt grnm negative 
Tod (strain SMR). 


Isolation. An aqueous solution of a highly 
purified form of streptomycin sulfate, pre- 
pared through an intermediate cr\’stalline 
stage, in a concentration equivalent to 375,000 

of pure streptomycin base per ml, was 
allowed to stand at room temperature for a 
period of several days. Subcultures were sub- 
sequently made from the solution (1) by 
streaking 0.05 ml of the undiluted solution 
onto beef infusion agar and onto Sabaraud's 
agar, and (2) by inoculating 0.1 ml of the 
undiluted solution and a dilution of the 
solution into beef infusion broth and into fluid 
thioglycollate medium. Incubation was car- 
ried out at 5°C, 22^0, and 37°C. Luxuriant 
growth appeared in all cultures incubated at 
22'’C and at 37 “C. Xo growth occurred 
at 5°C. 

Cifltnral cJiaractcristics. ^Morphologically 
the organism is a short plump gram negative 
rod with rounded ends and varying slightly in 
size. At times the organism may appear al- 
most coccoid in form. It is nonmolile and 
produces no spores. 

The organism grows readily in diffuse form 
under aerobic or facultative anaerobic con- 
ditions in liquid media * Growth occurs at 
pH ranging from 6.0 to 7.8 and at room 
temperature {22'^C) and 37’C; no growth 


occurs at 

On plain or blood agar the organism grows 
in the form of a smooth opaque grayish-white 
colony, approximately 3-4 mm in size. It is 
nonhemolytic. On glucose or Sabaraud's agar, 
it grows in the form of a confluent viscous or 
mucoid slime. 

Growth occurs rapidly in the presence of 
glucose, maltose, sucrose, levulose, arabinose, 
and d-galactose with the formation of acid 
and gas. In the presence of xylose, acid with- 
out gas is formed, while in the presence of 
lactose (OA^), growth is slow and no acid 
is produced. 

Growth occurs readily on sodium citrate 
agar. The organism is capable of reducing ni- 
trates to nitrites. Acetyl methyl carbinol is 
not formed. In Voges-Proskauer-!Methyl-Red 
broth, a powerful reducing substance is pro- 
duced. In distilled watert and in distilled 

* It is of interest to note that this organism is 
incapable of producing detectable amounts of 
jiemcilUuase. Tt is sensitive to SO units of x>em- 
cilliu per ml and to the equivalent of 40 pg of 
polymyxin B hydrocblorlde per ml. 

t Baxter sterile distilled \Yater was used in all 
experiments throughout this study. Analyses in- 
dicated u content of less than 10 p.p.m. total 
solids. 



544 


Isolation of a Streptomycin-Resistant Organism 


both normal and leukemic spleens contained 
about 17% of the nitrogen of the whole 
chromosome fraction (Table I). The PNA 
contents, on the other hand, were strikingly 
different. Whereas the residual chromosome 
fraction from normal mouse spleen contained 
only 0.18-0.19 7 of PNA per 7 of nitrogen, 
that from leukemic spleen contained 0.32 to 
0.45 7 of PNA per y of nitrogen, an increase 
of nearly 100%. 

Dhatssion, It is of great importance to 
determine whether the excess PNA found in 
the residual chromosome fraction of leukemic 
spleen is an integral part of the chromosome 
structure or is contained in some other con- 
stituent of the preparation. The cytoplasm 
of the leukemic spleen cells contained large 
amounts of PNA.- That any significant 
amount of cytoplasm was left in thess prep- 
arations seems unlikely, however, since care- 
ful microscopic observation failed to reveal it. 
The whole “nuclear fraction” of the leukemic 
spleens, however, was also extremely rich in 


VNAP This is in agreement with the findings 
of Thorell/* who has shown, by ultraviolet 
spectrophotography, that the nucleus of the 
leukemic white cell contains 2 to 4 nucleoli 
rich in PNA, which are absent from the nor- 
mal mature white cell. Since nucleoli some- 
times remain attached to isolated chromo- 
somes,^ it is probable that some of the e.xcess 
PNA found in the leukemic residual chromo- 
some preparations is located in associated 
nucleoli; how much cannot be decided until 
preparations are obtained which do not clump 
so badly, and can be examined micro- 
scopically. 

Sittiwiary, The residual chromosome frac- 
tion isolated from leukemic mouse spleen 
contained from 0.32 to 0.45 7 of pentose 
nucleic acid per 7 of nitrogen, while that from 
normal spleen contained 0.18-0.19 y per y of 
nitrogen. 

Tiion*ih B., Stiiiiics 011 the formation of ctUu- 
lar substaimt's duriug blood eell pro(hictiou. Li>«* 
don, 1947. 
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Isolation of a Streptomycin-Resistant Organism Capable of Utilizing 
Streptomycin for Growth. 

Gladys L. Hobby and Nancy Dougherty. 

From the Bioloiyical Lahoratovjf of Chas. Ffhcr if* Co., Inv., Brooldipt, X. V. 


Since the introduction of streptomycin in 
1944, the appearance of streptomycin-resis- 
tant variants in otherwise sensitive strains of 
microorganisms has been observed repeatedly. 
Miller and Bohnhoff^ reported the isolation of 
variants of meningococci not only resistant to 
streptomycin but capable of growing only in 
its presence. These organisms were depen- 
dent upon streptomycin for multiplication 
both in Vitro and in vivo. Paine and Finland,- 
described dependent variants of other bacter- 
ial species including Staphylococcus aureus, E. 

I MilltT, C. P., iiJid Bolmhoff, M., Hcicncc, 1947, 
105, 620. 

Paine, T. F., nnd Finland, M,, Science, 194S, 
107, 14:1. 


coU, Ps. aeruginosay and P. morgani. 
recently, 13 streptomycin-dependent strains of 
M. tuberculosis have been isolated in our own 
laboratory^ from mice infejeted with the 
H;j 7 Rv strain and subsequently treated with 
streptomycin for a period of 31 days. The 
possibility that these organisms are capable 
of utilizing the nitrogen of streptomycin for 
growth has been suggested. 

In the present communication, the isolation 
of a streptomycin-resistant organism capable 
of growing both in streptomycin as the sole 
source of nutrient and in broth containing no 
streptomycin is discussed. 

T. F.. mul II<d/bv, O. 

Tubercuioais. 2949, in press. 
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The Ti\tc of growth of a. ^vashed suspensiou of a stropto- 
inycuvrcsistant gram negative rod in presence of strcptonircin as 
source of nutrient. 


When heat-kUled suspensions of the organ- 
isms, grown on broth or agar, were injected 
intravenously into each of 3 rabbits, all of 
the animals showed marked pyrogenic re- 
sponses consisting of temperature rises rang- 
ing from 1.2 to 2.2 °C. These animals ap- 
peared ill soon after injection and 7 of the 9 
died within 24 hours. 

Seven- tenths of a ml of each of these sus- 
pensions, ^Yhen administered intravenously to 
mice (Swiss strain), produced no reaction. It 
seems possible, therefore, that death of the 
rabbits receiving this material may have been 
due primarily to pyrogenic reactions rather 
than to the presence of other toxic substances. 

All aniiTials receiving the aqueous sus- 
pension of standard pyrogen prepared from 
Ps. pyocyanctis* survived with no untoward 
reaction other than rise in temperature. 

Disaissiofi. The isolation of an organism 
whici) is not only resistant to the antibacterial 

t Propaxcd from a culture of Fs, puocyanexis 
avcoidmg to the method of Welch, Calvety, Mc« 
Closhy, and Priced and suhsequei\Uy purified 
further by removal of jirotein, 

•JWelcli. II., Culvery. II. 0., MeClosky, W. T., 
and Price, C. W., J. .lin. Phrirm. Assn.^ 1943, 
32, Gu, 


action of streptomycin but capable of multi- 
plying in the presence of streptomycin as the 
sole source of nutrient has been described. 
Recently a second organism has been isolated 
which is also resistant to streptomycin and 
capable of growing in high concentrations of 
the drug. This organism is a slender gram- 
negative rod which grows on beef infusion agar 
in the form of an opaque creamy yellow 
colony, 2-3 mm in diameter. On blood agar 
it produces a grayish-red pigment after 1 to 
2 weeks at room temperature. Sugars are not 
fermented readily. 

The fact that such organisms may exist is 
significant. It is now apparent that micro- 
organisms may be divided into 4 general cate- 
gories, in relation to streptomycin: (1) the 
streptomycin-sensitive cells, including those 
that are capable of growing in culture media 
without streptomycin but are inhibited by the 
presence of streptomycin, (2) the streptomy- 
cin-resistant cells, which are capable of grow- 
ing either in culture media alone or in media 
containing streptomycin, (S) streptomycin- 
resistant cells, which are capable of multiply- 
ing in culture media, in media containing 
streptomycin, or in aqueous solutions of strep- 
tomycin, and (4) streptomycin-dependent 
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watert containing 3% methyl or ethyl alcohol, 
growth occurs rapidly within 24 hours. 

Although morphologically suggestive of the 
Pseudomonas group of organisms, the data 
above are not sufficient to place this organism 
within this species. 

Streptomycin Resistance. In view of the 
fact that this organism was originally isolated 
from a solution containing a high concentra- 
tion of streptomycin, it is apparent that it is 
highly resistant to this antibacterial agent. 

Graph I shows the rate of growth of the 
organism in broth containing varying concen- 
trations of highly purified streptomycin. High- 
ly purified streptomycin sulfate was diluted to 
10,000, 100,000, and 200,000 /^g of pure strep- 
tomycin base per ml. Plain broth was used 
as control. An 18-hour broth culture of the 
streptomycin-resistant organism was diluted 
in broth to a dilution of 10^", and 0.5 ml of 
this was inoculated into tubes containing 4.0 
ml of each of the above solutions of strepto- 
mycin in broth. Incubation was carried out 
at The number of organisms per cc 

was determined by colony counts at 0, 3, 7, 
24 hours. No inhibition of growth was ob- 
served in the presence of streptomycin in con- 
centrations equivalent to 10,000 or 100,000 
/tg of pure base. A concentration of strepto- 
mycin equivalent to 500,000 units of pure 
base produced a temporary lag in the growth 
of the organism, lasting for a period of 3 to 
7 hours only. After 24 hours incubation, the 
number of organisms per ml was as great in 
the presence of the equivalent of 500,000 p.g 
of pure streptomycin base per ml as in broth 
containing no streptomycin. 

Utilization of streptomycin for growth. The 
fact that this organism was originally isolated 
from a solution of streptomycin in water sug- 
gested that the organism must be capable of 
utilizing streptomycin for growth. 

Highly purified streptomycin sulfate was 
diluted in sterile distilled water to a concen- 
tration equivalent to 333,000 /xg of pure 
streptomycin base per cc. Four cc of this 
solution was pipetted into each of 3 tubes. 

As control, 4 ml of sterile distilled water was 
pipetted into each of 3 additional tubes. An 
18-hour broth culture of the streptomycin-re- 


sistant strain was centrifuged and the sedi- 
mented organisms washed tivice with sterile 
distilled water to remove traces of broth. The 
organisms were then resuspended in a volume 
of sterile distilled water equal to that of the 
original broth culture. The aqueous suspen- 
sion of organisms was then diluted to 
and 0.1 ml of this dilution was inoculated into 
each of the 3 tubes of streptomycin solution 
and into each of the 3 tubes of sterile distilled 
water. Incubation was carried out at 37°C. 

Two similar sets of tubes were prepared 
and incubated at 5®C and at 22 respec- 
tively. 

The results are shown in Graph 2. No 
multiplication occurred at 5°C either in the 
aqueous solution of streptomycin or in dis- 
tilled water. At both 22° C and 37°C how- 
ever, heavy growth occurred in the aqueous 
solution of streptomycin. Whereas the rate 
of growth was somewhat slower than had pre- 
viously been observed when the organism was 
grown in a broth solution of streptomycin 
(Graph 1), the number of organisms per mi 
after 24 hours incubation was as great in the 
aqueous solution of streptomycin as it previ- 
ously had been in the broth solution of strep- 
tomycin. At 22° C and at 37‘^C, slight multi- 
plication took place in the distilled water. The 
amount of growth occurring in the water 
alone was, however, far less than in the aque- 
ous solution of streptomycin, and it is ap- 
parent, therefore, that this organism is capa- 
ble of utilizing streptomycin for growth. 

Pathogenicity . IXIice of the Rockland regu- 
lar strain inoculated intraperitoneally with an 
undiluted 4-hour plain broth culture died 
within less than 72 hours; mice similarly 
inoculated with dilutions of 10"^ - 10 all 
survived, indicating that the organism pos- 
sesses little virulence for mice. 

It has been observed by ^Miller and Bohn- 
hoff that streptomycin-dependent strains of 
meningococci are virulent for mice only if the 
animals are treated simultaneously with strep- 
tomycin. The virulence of this strain, there- 
fore, was tested in mice receiving 4 nig of 
streptomycin daily by tlie subcutaneous route* 
Again only those animals receiving undiluted 
culture failed to survive. 
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arsenic distribution in rats and in any other 
species studied: in rats, arsenic is concen- 
trated to a great extent in the blood, particu- 
larly the erythrocytes; in other animals, 
arsenic does not remain long in the blood 
stream, but is rapidly distributed to the 
tissues. 

Technics, Arsenic was administered as 
sodium arsenite in buffered isotonic solution; 
the preparation of the arsenic solution has 
been described.^ 

^lice were Ivilled by breaking their necks, 
rats and rabbits by injection of nembutal. 
Groups of mice and of rats were usually sacri- 
ficed at one time, and necropsied as quickly 
as possible; at no time did more than 134 
hours elapse between sacrifice of an animal 
and necropsy. Tissues were placed in pre- 
viously weighed containers and weighed im- 
mediately to minimize loss of water by evap- 
oration; they were then wet-ashed, and the 
activity measured with a thin mica end- 
window Geiger-Mueller tube. Similar treat- 
ment was accorded to biopsy specimens from 
patients, and to tissue samples from one pa- 
tient who was moribund at the time of ad- 
ministration. 

The wet-asfaing technic: Whole organs (ex- 
cept livers) of mice were placed directly in 
porcelain counting capsules; whole organs of 
rats, livers of mice, and portions of organs of 
rabbits and of man were first placed in small 
pyrex beakers. The material was dissolved 
in fuming nitric acid and evaporated to dry- 
ness in a hood under a battery of 300 watt 
Mazda Reflector flood lamps. Solutions in 
beakers were transferred to capsules as soon 
as their volumes were sufficiently reduced; 
this was followed by one rinsing of the beaker 
with acid and 2 rinsings with distilled water, 
the rinsings being added to the capsules. This 
procedure resulted in a layer thin enough for 
accurate counting, and the nitric acid pre- 
vented formation and consequent loss of 
AsCln. 

Stool samples were placed in bakelite- 
capped glass specimen jars, and activity 
measured directly in a calibrated high pres- 
sure gamma ionization chamber using a vi- 
brating reed galvanometerJ 
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cells, \>hich multiply only in the presence of as a chemotherapeutic agent, 
streptomycin. The frequency with which Conclusions. The isolation and cultural 
streptomycin-resistant variants and organisms characteristics of a streptomycin-resistant 
capable of utili5?ing streptomycin for growth organism capable of multiplying in aqueous 
have been described has limited its usefulness solutions of streptomycin has been described. 
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Biological Studies with Atsenic'®, IL Excretion and Tissue Localization. 

Howard S. Ducoff^ William.! B, Neal^ Robert L. Straube, Leon 0. Jacobson 

AND Austin M. Brues. 

From the Vepartmcni of Biology, Argomie yatiomil Lahorutory, Chiaigo, ///. 


Arsenic^® is characterized by a P radiation 
maximum of 3.04 MEV, a y radiation maxi- 
mum of 2.15 MEV, and a 26.8 hour half-life. 
The high energy beta and gamma emission 
simplify counting but necessitate shielding to 
protect personnel. The short half-life makes 
tracer experiments of long duration impos- 
sible; but the rapid decay is useful in thera- 
peutic applications, as radiation dosage is 
easily controlled. 

In order to calculate radiation dosage from 
any radioactive material to a particular tissue, 
it is essential to know not only the physical 
characteristics of the isotope employed, but 
also the concentration of the material in the 
tissue under consideration. For this reason, 
as well as for the more theoretical purposes 
discussed in an earlier paper/ we began a 
series of studies on the fate of radio-arsenic in 
laboratory animals, and, later, in man. Sev- 
eral phases of this research still are far from 
complete; however, because of the therapeutic 
potentialities of arsenic"®,- and because radio- 
isotopes of arsenic are now offered for general 
distribution/ we feel that our studies on dis- 

1 Straube, H. L., Neal, W. B., Jr., Kelly, T., and 
Bucoff, H. S., Fart I. Fkoc. Soc. Exp. Biol, and 
Med., in press. 

2 Neal, W, B., Jr., Jacobson, L. O., Brues, A, M., 
Bucoff, H. 8., Straube, B. L., and Kelly, T., 
.flm. Askn, for Cancer Fescarch, March 13, 194S, 
Atlantic City. K. J. 

sU. S. Atomic Energy Commission. R.adioiso* 
topes— Catalogue and Price List, No. 2, Septem- 
ber, 1947. 


tribution and excretion may be of some in- 
terest and value to other experimenters. 

Early work with radio-arsenic. Radioac- 
tive arsenic has been previously reported upon 
by Lawton and co-workers,^ who administered 
16-day arsenic (As'^) to a group of 6 cotton 
rats infected with Litomosoides carinii, sacri- 
ficing their animals 24 hours after intraperi- 
toneal injection; by DuPont et al./' who in- 
jected radio-arsenic intravenously in 37 rab- 
bits; and by Hunter and co- workers/’ who 
studied distribution in tissues, and in various 
chemical fractions of tissue, of radio-arsenic 
administered subcutaneously to rats, rabbits, 
guinea pigs, higher apes, and man. All of 
these experiments showed a remarkable degree 
of individual variation among animals of the 
same species receiving apparently identical 
treatment. 

In general, all animals in all experiments 
exhibited greatest arsenic concentration in 
liver, kidney, spleen, and lung. Low arsenic 
uptake by the Brown-Pearce rabbit tumor was 
found by the DuPont group, who also re- 
ported no change in the tissue distribution 
pattern of tumor-bearing animals. Hunter 
et at. noted a remarkable difference between 

4 Lawton, A. II., Nos,s, A, T., Brady, F. V,, ami 
Cowic, D. B., Science, 1945, 102, 120. 

Ti DuPont. O., Ariel, I., and Warren, B. L.. 
.rim. J. Syph. Gon. and Vvn. Dls,, 1942, 20, 90. 

0 Hunter, F. T., Kip, A. F., and Irvine, J. 

Jr., J. Pharm. and Exp. Thcrap., 1942, 70, . 

Lowr)-, O. H., Hunter, F. T,, Kip, A. F., and 
Irvine, J. W., Jr., ibid., 1942, 70, 221. 
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TABLE III. 

Tissue Distribution, Bats (m;tc/g). 


Sacrificed at 

Dose 

Organ 

6 hr 

24 hr 

48 hr 

96 hr 

^^230 ■ 

295 

^336 

324 

174 

313 

350 

255 

Blood 

1705 

2360 

2780 

2820 

2600 

2160 

1390 

1990 

Spleen 

603 

662 

990 

1420 

448 

900 

540 


Heart 

538 

628 

700 

840 

239 

266 

328 

365 

Lung 

442 

420 

542 

598 

512 

356 

610 

460 

Kidney 

396 

345 

382 

347 

184 

255 

157 

186 

Adrenal 

283 


255 

323 

298 

213 


300 

Thymus 

200 

407 

142 

388 

186 

304 

630 

254 

Liver 

174 


365 


148 

159 

158 

104 

Testis 

43 

65 

74 

80 

22 

41 


28 

Muscle 

58 

50 

41 

42 

11 

23 

22 

12 

Skin and fur 47 


64 

70 



38 

78 


TABLE XV. 

Distribution of Arsenic in Tissues of Babbits (n3M*^/g)» 


Sacrifice time (hr after inj.) 

Sex 

Dose , 

6 

$ 

72 

24 

$ 

82 

48 

5 

76 

96 

$ 

70 

Blood 

23 

9 

3 


Spleen 

63 

22 

19 


Heart 

46 

13 

3 

3 

^ Lung 

104 

72 



^ Kidney 

168 

46 

15 


...Liver 

415 

62 


24 

Muscle 

'36 

27 

10 

5 

Femoral marrow 


186 

39 

35 

Brain 

12 

10 

2 



blood is very striking. The fairly high arsenic 
content of spleen and lung, the large indi~ 
vidual variation, and the lack of any great 
tendency for a decline in the arsenic content 
of most tissues, even after 48 hours, are also 
noteworthy. Inspection suggests that the 
high spleen values may be explained by the 
blood contained therein. 

Rabbits: Table IV presents the data on 
tissue localization in the 4 rabbits used in the 
e.\cretion studies (above). This pattern is in 
distinct contrast to that found with rats, in 
that concentrations of arsenic in blood after 
any time interval studied are never as great 
as in most of the solid tissues, and all tissues 
show a distinct reduction in arsenic content 
as time progresses. Liver, kidney, and lung 
contain the highest concentrations of arsenic. 

il/;Vc: Tissue localization of arsenic was 
studied in several series of mice, some bearing 
transplantable tumors. Tumors used were: 

* Obtained from Dr. C. Aub of Harvard 
University. 


1. The Jackson-Brues embryoma which 
is grovsTi in CaH mice, develops slowly, and is 
quite variable as to rate of growth^ percentage 
of “takes, and tissue organization; and 

2. A lymphoma^ which is grown in A mice, 
kills the host 4 to 6 weeks after transplanta- 
tion, has lOO^o “takes,” and is quite homo- 
geneous. 

Arsenic concentration was determined, as a 
rule, only in kidney, liver, lung, spleen, mus- 
cle, and tumor, when present. In all experi- 
ments, mice were injected intraperitoneally. 

In the first study on mice 19 males of the A 
strain, 11 bearing lymphomas that had been 
transplanted 3 w^eeks previousl\% received 0.8 
fxc (in 0.25 ml) each. Table V records the 
results obtained in this experiment. Although 
this is a highly inbred strain, and although all 
efforts were made to treat the mice identically, 
the degree of individual variation within any 

s Jackson, E. B., and Bnies, A. M., Cancer Re- 
search ^ 1041, 1, 404. 

i Kindly supi>Iicd by Dr. Egon Lorenz. 
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TABLE II. 
E.xeretion in ilan. 


Patient 

Diagnosis 

Dose 

G, A, 

Hodgkin Disease 

3.0 millicuries 

G. E. 

Lymphatic leukemia 

2.7 millicuries 

Urine 

Feces 

% of dose 
excreted 

✓ 

Urine 

■(a*c) 

• Feces 

■V 

% of dose 
excreted 

1st 24 hr 

498 

2.0 

16.7 

116 


4.3 

2nd '' 

548 

3.7 

18.5 

574 


21.5 

3rd 

288 


9.6 

194 

5.6 

7.4 

4th 

149 

14.6 

5.4 

234 

6.8 

8.0 

5th 

260 

3.6 

8.8 

296 


11.0 

6th 

124 


4.1 

183 


6.8 

7tli ’’ 

104 

5.2 

3.7 





Figures on activity in ali samples of tissues 
and of excreta are corrected for decay to the 
Cime of injection. Thus, activity is always 
proportional to the true amount of the isotope 
present for animals treated with the same 
injection solution, and .animals of different 
treatment groups may be compared on the 
basis of “per cent of injected dose.” 

Excretion studies. Rats: Five male Sprague- 
Dawley rats, injected in the tail vein with 47 
fic (0.2 cc), were immediately placed in 
metabolism cages, and excreta were collected 
at 24 hour intervals. Activity in the fecal 
samples was too low to count; Table I shows 
the data on the urine samples. 

Rabbits: Four stock rabbits each received 
235 ftc (1 cc) via ear vein. Excreta were 
collected at intervals of 24 hours, except in 
the case of rabbit No. 39, which was sacri- 
ficed 6 hours after injection. Data on rabbit 
excreta are included in Table I. 

Man: Table II summarizes the data on 
arsenic excretion in 2 representative patients 
injected intravenously. 

Mice: No exact measurements were made 
on excretion rates in mice, but surveys with a 
portable meter on mouse cages and mice in- 
jected intraperitoneally indicated that some 
75^ of the injected dose is excreted within 
the first 24 hours. 

It can be seen from the tables, and from 
Fig. 1, which summarizes the data, that ar- 
senic excretion takes place far more slowly in 
rats «10 fo the first 48 hours) than in 

TClemeua, V., an^Brar, S., Quarterly 

Eeport, Biology Division, June 1, 1947. Argoniie 
National Laboratory. 


rabbits (70%) or man (30-45%). More 
significant, probably, is the rapidity with 
which the arsenic'*® content of rats comes to 
equilibrium, as illustrated by the leveling off 
of the excretion curve. 

In ail species studied, including the rat, the 
feces account for less than 10% of the total 
arsenic excreted. 

Tissue distribution patterns. Rats: Eight 
Sprague-Dawley males injected intravenously 
with 47 each were sacrificed in pairs at 6, 
24, 48, and 96 hours. The results are shown 
in Table III. 

The high concentration of arsenic in the 
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TABLE VI. 

Kidiiey-Llver-Spleen B.wtios in Mice. 

Proportion (% basis) 


Xon-tuinorous Tumor-buaring 


Strain 

Hr after inj. 

Kidney 

Liver 

Spleen 

Kidney 

Liver 

Spleen 

A 

6 

46 

31 

23 

39 

34 

27 



45 

32 

24 

38 

35 

2< 

-V 

12 

29 

31 

40 

31 

41 

29 



2S 

32 

40 

38 

36 

26 






37 

40 

23 

C;jn 

12 

22 

42 

36 

41 

35 

24 



21 

47 

32 

34 

42 

24 



26 

47 

27 






32 

36 

33 






21 

38 

41 






24 

44 

32 






31 

43 

27 






27 

40 

33 




C3H 

24 

21 

34 

46 

49 

36 

15 



20 

40 

41 

IS 

45 

36 



25 

34 

40 






17 

20 

57 





TABLE Vir. 

Tiijsuo Distribution in Man (Patiout H. X.). 

(20 hours after injcctiouQ 


Tissue 


Liver 10. 1 

Kidney 20.5 

Spleen 10.1 

Parotid tumor lo.d 

Heart 11-6 

Jejunum 11.3 

Vertebral marrow 11.2 

Mesenteric lynipli node 12. S 

Stomach 11.7 

Pancreas 11.6 

^lusele (quadriceps) 11.1 

Ileum 11.1 

Lung lO.S 

Peinoral marrow lO.S 

Adrenal S.o 

Ovary 8.3 

Tliyroid 7.6 

Skin 0,7 

Brain 2.5 

Femoral cortical bone , 2.1 


Man: A moribund 65-year-old female with 
carcinoma of the parotid was given 500 micro- 
curies of As"'’ {=:^4 mg arsenic) 20 hours be- 
fore death. The distribution of activity in the 
tissues at time of death is shown in Table VII. 

.♦IrscinV levels in the blood. At the time of 
sacrifice of rabbits and of rats for distribution 
studies, specimens of blood were usually 
taken. Blood samples have also been obtained 


from patients, and a series of samples was 
drawn from one chicken. The results of these 
determinations are plotted semi-logarith- 
mically as a function of time after injection 
in Fig. 2. The great degree of arsenic reten- 
tion in rat blood is illustrated both by the 
high level at any particular time, and by the 
low negative slope of the curve. 

Discussion. The change in distribution of 
arsenic in non-tumorous organs of tumor- 
bearing mice appears to be an example of a 
systemic effect wrought by a (histoIogicalhO 
localized phenomenon. Arsenic is largely 
bound to protein,'^ and, though to a lesser ex- 
tent, to the -SH groups in cystine, gluta-^ 
thione, etc.® The proportion of arsenic re- 
tained in a particular organ can presumably 
be altered by 

a. a change in the concentration of the 
arsenic binding constituents. 

b. an alteration in the arsenic-combining 
capacity of some chemical substance, or 

c. a combination of a and b. 

Although the presence of tumor clearl y 
alters the distribution of arsenic , the direction 
of the change in a particular organ (as, say, 

oVoegtlin, C., Dyer, H. A., aud Leonard, C. S., 
Puhlic Jlcalth licyorts, 1023, 38, 1SS2, 
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TABLE V. 

Distribution of Arsoiiic in Tissues of'^^A” Mice. 


Concentration iWjxc As/g tissue 


Sacrificed 

Tumor, 

-f or 0 

Dose, 

IllfiC/g 

Kidney 

Liver 

Spleen - 

Tumor 

Muscle 

At 0 bra 

0 

348 

389 

263 

193 ' 


m 


0 

334 

286 

202 

154 


So 


“h 

297 

249 

215 

172 

109 

96 



276 


218 


144 

ISS 


+ 

334 

175 

157 

120 

86 

1)1 

tf // 

0 

308 

Go 

74 

104 


85 


0 

320 

63 

70 

85 


S2 


-f 

286 

115 

lOG 

76 

63 

51 



26S 

87 

92 

54 

33 

48 


■f 

297 

62 

S3 

61 

31 

45 


0 

297 

25^ 

30 

23* 




0 

320 

31 

28 



■ — 


+ 

297 

23^ 

25 

23'" 

12 

0'‘ t 


4- 

26S 

25'^ 

37 

— 

11 

* 


0 

34S 



10 

— 


— 


0 

334 

26"^ 

14 

— 




4- 

334 

— 

21 

» 41 

23 

— 


4* 

334 

. — 

20 

— 

7.6 

— 


4- 

348 

— 

27 

32- 

SB 




— = Gave count of less than l \<2 times backgrouna. 

* — Based on count between and twice background. ^ r 

Figures on activity and coueeutvation have been corrected for decay to tiie tune or ngeotjon. 

1 nific “ 0.003 fjig. 


sacrifice group is extremely high. 

It was noted, however, that the ratio of 
arsenic concentrations in kidney, liver, and 
spleen among non-tumorous mice of the early 
sacrifice groups appeared to be fairly con- 
stant. Accordingly, the per cent ratios of 
kidney, liver, and spleen concentrations were 
calculated as shown below: 


Sample Calculation. 
Kidney-Uver-spleen ratio, first animal 
Arsenic in Absolute 

Oman 1 g tissue ratio 

in Table V. 
% 

ratio 

Kidney 

389 

389 

— 2.02 

193 

389 

r=46% 

845 

Liver 

263 in^c 

263 

— - 1.36 

193 

263 

=r 31% 

845 

Spleen 

193 nijac 

193 

=: 1.00 

193 

193 

== 23% 

845 

Sum 

845 

2,0: 1.4: 1.0 

46-31'23 


The calculated percentage ratios tor inese 
ice, and for a group of female CaH inice 
me bearing transplanted embryom^, whit* 
■re injected intraperitoneally with 6.7 tic, 


are shown in Table VI. It is readily seen that 
though there is greater variation in the 
kidney-liver-spleen (KLS) ratios for this 
group of C^H mice, the variation both from 
tumoriess animals and from each other among 
the embryoma-bearers is quite striking. 

The existence of a reproducible ratio of 
concentration between various tissues of nor- 
mal mice, despite the remarkably wide range 
of variation in absolute values, may be e.K- 
plained, at least partially, on the following 
basis: The rapid rate of arsenic excretion by 
rabbits, mice, and man has been demon- 
strated. Any variation in excretion rate win 
therefore be greatly e.vaggerated unless con- 
centration is esprased as percentage of re- 
tained, rather than total dose; e.g., a varia 
tion of 10% in the quantity e.'icreted is 
equivalent to a variation of some 40% m the 
dose retained. 

It should be noted, however, that rats, with 
a very low rate of excretion, show as high a 
degree of variation in concentration pattern> 
as any other animal studied. This ni.i> •- 
partly accounted for by variability in bioou 
content of organs. 
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Stewart C. HARVEY,tt (Introduced by E. L. Smith.) 
From the Department of Pharmacotogp, Univcrsiiit of Chicago, 


During the course of investigations into the 
nature of carbohydrate metabolism in T. hip- 
picum some very interesting observations were 
made on the effect of zinc-insulin upon the 
respiration of the parasites. 

Insulin has been reported to cause augmen- 
tation of the oxygen assimilation of pigeon 
breast muscle under certain conditions/"^ and 
a similar augmentation has been reported for 
mammalian tissues/ The increase in oxygen 
utilization is thought to be concerned wth 
pyruvate oxidation.^ T, hippkmt responds to 
zinc-insulin with sizeable increases in oxygen 
uptake and pyruvate production, but glucose 
utilization is spared. Zinc-insulin inhibits the 
anaerobic production of pyruvate from glu- 
cose. 

Expert mojtaL Whole trypanosomes were 
suspended in a medium of Krebs Ringer-phos- 
phate^ with 0.025 bicarbonate added. Glu- 
cose was used as a substrate. ^Measurements 
of gas exchange were made manometrically at 
38 °C with a Barcroft- Warburg constant vol- 
ume respirometer using the methods of Dix- 
on/ Glucose was analysed by the method of 

* This investigation was supported hy a grant- 
in-aid from tbe V. S. Public Health Service. 

i Roche Anniversary Foundation Fellow in 
Pharmacology, 19-t7*194S. 

t Present address: University of Texas School 
of Dentistry, Houston, Tex. 

1 Krebs, 11. A., and Eggleston, L. IT,, Biochem. 
J., 193S, as, 913. 

- Short, E., and Barker, S. B., Biochem. J., 
1939, 179S. 

Stadie, W. C., Zapp, J. A., and Lukens, F. 
D. W., J, Biol Chem., 1910, 132, 111. 

Stare, F. J., and Baumann, C. A., J. Bioh 
Chcjiu, 1910, l;i3, 153. 

5 Rice, L., and Evans, E. A., Jr,, SciencCy 1913, 
07, 170. 

0 Krebs, H. A., and llenselcit, K., Z. Phgsiol 
Cham, 1932, 21 0, 33, 

*» Dixon, M., Manometric Methods, Ed. 2, Cam- 
bridge, 1043. 


INSULIN ON OXYGEN-UPTAKE 



MINUTES 
Fig. 1. 

The augmenting action of zinc-insulin on the 
time variation of oxygen uptake. Glucose con- 
centration, 0.01 M, 

Nelson,® and pyruvate was determined ac- 
cording to Friedemann and Haugen,^ 

The effect of zinc-insulin (Lilly) upon time 
variation o/ oxygen-uptake of T. hippicum is 
shown in Fig. 1. The response shown may be 
elicited when the insulin concentration is as 
low as 0.1 unit per ml of medium, but below 
that level the effect becomes insignificant. 
Under conditions of optimal glucose concen- 
tration (0.01 ]M) the trypanosomes utilize 
about 100^ more oxygen during the first hour 
when insulin is present than when it is with- 
held. The augmentation of the initial rate, 
however, only amounts to about 20%. Insulin 
also has a marked effect upon the oxygen 
uptake-glucose concentration relationship. 
The slope of the ascending limb of the curve 
is greatly increased, and the plateau level of 
the curve is elevated 60-100%, as seen from 
the example given in Fig. 2. 

5 Nelson, X., J. Bioh Chem,, 1914, 153, 375. 

0 Pnedeniaim, T. E., and Haugen, G. E., J. BioU 
Chem,, 1913, 147, 115. 
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FlO. 2 . 

Arseni&i“0 levels in whole blood. Concentration 
of arsenic^c per gram of blood at a particular time 
is expressed as percentage of the administered 
dose per gram of body weight, 

liver) is unpredictable. 

Several workers have considered the effects 
of tumors on chemical composition of unin- 
volved organs, and the question has been re- 
viewed in part Toennies.^® Glutathione 
and cystine appear to have been especially 
altered in unaffected organs of tumorous ani- 
mals, as reported by Voegtlin and Thompson, 
by Woodward, and by Schenk.^^ It should 
also be noted that changes in the -SH levels 
of blood plasma are found in the presence of 

10 Toennies, G., Cancer Hesearchy 1947, 7, 193, 

llVoegtUu, C., and Thompson, J. W., JSioL 
Chem.j 1926, 70, 801; Woodward, G. E,, Biochem. 
J,, 1935, 29, 2405; Scheuch, E, C., Arch. f. exp. 
Path. u. Pharm., J934, 175, 405, 


a great variety of tumors, and form the basis 
for several attempts at formulating sero- 
diagnostic tests for cancer.^- 
We have as yet been unable to find any 
unique physiological or chemical property of 
rat^s blood which might explain the high de- 
g^of^semc ^ention. The deceE^n 
of excretion rate beyonJT.he first day makes 
it appear that retention in the rat is not pri- 
marily due to inability to excrete arsenic; the 
high blood concentration with preference for 
erythrocytes^ suggests that the red cell of the J 
rat may contain a system bindin^rsenic. 

Summary. 1. Arsenic excretion was studied 
in man, rats, and rabbits. Less than 10^ of 
the excreted arsenic is found in feces in any 
of these species; rats have by far the slowest 
rate of excretion. 

2. Data are given for arsenic distribution 
in various organs in man, the rat, the rabbit, 
and 2 strains of mouse. 

3. The degree of individual variation within 
each species was very great; in contrast to 
man and to other animals studied, the rat 
retains most of the injected dose in the blood 
for a considerable length of time. 

/4. The ratio of arsenic concentration in kid- 
ney, liver, and spleen of healthy inbred mice 
was found to be fairly constant for a given 
time after administration, and this ratio is 
suggested as a criterion for effects of various 
types of treatment. 

5. Using this ratio as criterion, it was found 
that arsenic distribution is al tered by the 
presence of traj^pl anted tumors, . 

6. Fac'toit^ changing arsenic distribution are 
discussed in relation to effects on levels of 
sulfhydryl-containing substances. 

Acknowledgment is here made of the valuable 
assistance of Dr, Henry Hopple, Vladimir Clemens 
and Sarmukli Brar, 

12 Brieka, E,, Vatnre, 1937, 159, 339; Walker, 

A. C., and Keimann, S. P., Am. J. Cancer, 1939, 

57, 585; Winzler, R. J., and Burk, D.. 

CaJiccr Inst., 1944, 4, 417, 
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INSULIN ON GLUCOSE DEPENDENCE 



GLUCOSE CONCENTRATIOH, M X JO^ 

Fig. 2. 

Ziuc-insuUn promoted alterations in the shape 
of the oxygen uptake-glucose eonceutratioii de- 
pendence curve. 

Rice and Evans^ purport is a result of in- 
creased pyruvate dissimilation. T. hippiann, 
however, is incapable of oxidizing pyruvate^ 
and the accumulation of pyruvate and the 
failure of malonate to moderate the response 
to insulin show that pyruvate oxidation %vas 
not involved. It is impossible to explain an 
increase in aerobic pyruvate production in the 
face of a decrease in glucose consumption, 
considering the stoichiometrical relationship 
between glucose and pyruvate in the parasite, 
without assuming that endogenous substrate is 
brought into the sequence. Again, this is the 
only means by which the enormous oxygen 
uptake and low concentrations may be recon- 
ciled. T, hippkian cannot respire upon endo- 
genous substrate alone, nor have polysacchar- 


ides been found in the organism/® so that 
it would seem that insulin is making lipoid or 
proteinaceous materials available- for dissimi- 
lation. It should be interjected, however, that 
these perturbations in the carbon balance 
were performed at glucose concentrations low 
enough that the endogenous contribution to 
the scheme would be proportionately signifi- 
cant and thereby detectable. Nevertheless, at 
glucose concentrations even as high as 0.044 
where the endogenous contribution is pro- 
portionately small, 60-80% augmentation of 
oxygen uptake was yet evident. The slope of 
the insulin curve in Fig. 1 does not fall oft as 
rapidly as that of the control, therefore, it 
seems that a stabilizing factor is at work as 
well as an augmenting one. 

The discovery^ that insulin, contrary to the 
aerobic case, inhibited the anaerobic pyru- 
vate production to an extent way out of pro- 
portion to the glucose sparing effect is no less 
startling than it is inexplicable. It may lead 
to the disturbing hypothesis that the aerobic 
and anaerobic pathways of pyruvate produc- 
tion are dissimilar. 

Summary\ Aerobically, insulin was found 
to greatly increase the oxygen assimilation and 
pyruvate production in T. hippkim, while at 
the same time the utilization of glucose was 
diminished. 

Anaerobically, it was found to inhibit the 
production of pyruvate while the diminution 
in glucose consumption was of the same order 
as that under aerobic conditions. 
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TABLE L 


Specific Action o£ Zhic^lnsuliii on Oxygen-Uptake. 


. Added substances 

Mieroliters o.vygen used 

Glucose, 0.028 'SI 


187 

Insulin. 2U/mi -V glucose, 0,028 SI 


390 

** 2U/ml 


—3 

Zn4-+, 0.005 lug/ml -f glucose, 0.028 M 


142 

Cystine, lO-i M 4* glucose, 0.028 M 


ISO 

*GS-SG, 10-J M -f glucose, 0.028 M 


192 

Tyrosine, 0.01 mg/ml -f glucose, 0.028 SI 


173 

Albumin, 1 mg/ml -f glucose, 0.028 SI 

Insulin, 2U/ml -f glucose, 0.028 M malonate, 0.01 M 


'167 


368 

^Oxidized glutathione. 



TABLE II. 



Effect of Zinc-Insulin on Carbon Balance.* 


Insulin, 2U/mI 


Control 

/ ... — , 

Glucose Pyruvate 

✓ " 

Glucose 

Pyruvate 

used formed 

used 

formed 

(micromoles) 

(micromoles) 

Aerobic 1.86 7.50 

2.85 

5.67 

Anaerobic 1.26 0.33 

2.67 

2.58 


(3 ml volume), if one assumes that pyruvate 
is the final product.^^ At lower concentra- 
tions the oxygen uptake cannot be accounted 
for by any possible metabolic scheme based 
upon glucose as the sole substrate. In order 
to determine what influence the insulin was 
exerting on the glucose-pyruvate relationship, 
these two substances were analysed from the 
experimental system. Table 11 presents data 
collected from aerobic and anaerobic experi- 
ments. Aerobically the glucose utilization was 
spared by insulin to the extent of 35^C7, but 
the pyruvate production was increased 33^ 
over the controls. Anaerobically glucose utili- 
zation was diminished 53% in the presence of 
insulin, while there was a simultaneous dimin- 
ution of 87% in pyruvate production. 

Discussion. It is not obvious what general 
implications these actions of insulin may have 
regarding the mechanism of action of the hor- 
mone. In whole cell preparations of animal 
tissues the drug is generally considered to pro- 
mote the disappearance of glucose. Insulin, 
however, w’as found to have no effect upon the 
he.xokinase of the trypanosomes. Only in 
those instances cited has insulin been reported 
to affect the rate of oxygen uptake, which 

Ilarvov, S, to tio 


* Initial glucose eoneeutration, 0.0011 M. 

The specificity of the insulin action is 
shown in Table I. That the insulin itself was 
not being metabolized was indicated by the 
failure of the parasites to respire when glucose 
was withheld. Zinc in concentrations com- 
parable to that provided by the zinc-insulin 
preparation did not increase the o.xygen con- 
sumption and may have caused a slight inhibi- 
tion. Disulfide groups were provided by 
C 3 'stine and o.xidized glutathione in amounts 
approximating that found in the insulin. The 
data demonstrate that the action of the insulin 
cannot be attributed to its disulfide linkages 
per sc, nor can it be attributed to a dynamic 
action of the tyrosine units in the molecule. 
That the effect was not a non-specific protein 
effect was tested by the addition of bovine 
serum albumin {fraction V, .Armour) in a con- 
centration roughly 10 times that of the insulin 
which it replaced, ilalonate did not abolish 
the action of insulin, a finding which is com- 
patible with the data of Table II in which it is 
shown that pyruvate oxidation was not pro- 
moted by the insulin. 

Examination of Fig. 2 reveals that at a 
glucose concentration of 0.0012 iM, for ex- 
amole, the oxygen utilized is about 4 times 
that which can be accounted for by the total 
amount of glucose available in the system 
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TABLE I. 

Inliibition of Sheep Cell Agglutinins in Infectious Mononucleosis Serum by Beef Stroma 

Heated for 30 Minutes. 


Temperature 

°C 


Beef stroma dilutions 

16,000 

32,000 

64,000 128,000 

40 



— 


60 



— 

— +d"+"i" 

SO 



— 


100 

— 
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TABLE II. 


Inhibition of Sheep Cell Agglutinins in 

Infectious Mononucleosis Serum by Beef Stroma 


Digested by Trypsin or Pepsin. 


Treatment of the beef stroma 


Beef stroma dilutions 

Pepsin at pH 3.0 

2 days 37°C 


1:128,000 

ii a a 

3 '' 


1:128,000 

Coutrol ” ” ” 

3 ” 


1:128,000 

Trypsin at pH 7.7 

2 days 37 ®C 


1:32,000 

37 33 31 11 

5 


1:64,000 

Control 

5 


1:64,000 


TABLE III. 


Inhibition of Sheep Cell Agglutinins in 

Infectious Mononucleosis Serum by Beef Stroma 


Extracted with Organic Solvents. 





Inhibition in dilutions 


Extracted substance , 


Extraction 


in % 

Extracted stroma Extract 

Acetone, room temperature 


8.65 

1:64,000 0 

Alcohol, ” 


20.0 

1:16,000 1: 250 

Alcohol, after acetone 


12.6 

1:16,000 1: 125 

extraction, room temperature 



Etlier, boiling 


14,3 

1:64,000 1:8000 

Acetone, ’ ’ 


15.8 

1:64,000 0 

Pyridine, 90® C, after acetone- 

4.9 

1: 8,000 1:2000 

and alcohol-extraction, 




at room temperature 





and at the end of the experiment. From Table 
II it can be seen that neither trypsin nor pep- 
sin digests the ^I.A. In view of these experi- 
ments, it appeared improbable that the M.A. 
of beef erythrocytes is a protein. Apart from 
the ]M,A., beef stroma also contains a rapidly 
digested protein-like antigen which will be 
reported in a later publication. 

Attempts were made to extract the M.A. 
with cold and with boiling organic solvents. 
The extraction with cold liquids was carried 
out by stirring for several days, the extraction 
with boiling liquids by changing the solvent 
several times until the material was exhausted. 

As can be seen from Table III, a small 
quantity of ^I.A. could be extracted by 
means of boiling ether or hot pyridine. How- 


ever, since, contrary to the statements of 
Stuart, Griffin, Fulton, and Anderson/ the 
cold alcoholic extract also shows a small but 
definite activity, the possibilities of extraction 
by means of boiling ethyl alcohol were 
thoroughly investigated as described below. 
Beef stroma was extracted, first with acetone 
and then with cold 100% alcohol. On each 
occasion 50 cc solvent per g stroma were 
used and the suspension stirred for 2 days at 
room temperature. 

In this way, we were able to remove about 
20% almost inactive material. After this pre- 
treatment '^vith cold organic solvents the beef 
stroma was exhaustively extracted with boil- 
ing 100% alcohol under reflux. The solvent 
was changed several times and, in this way, 
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Isolation o£ the Heterogenetic “Mononucleosis Antigen” from the Stroma 

of Beef Erythrocytes. 

. H. SCHWARZWEISS AND J. TOMCSIK. 

:From the Hygienic Institute, University of Basel 


Stuart and coworkers^- demonstrated the 
presence in beef erythrocytes of the hetero- 
genetic ^^mononucleosis antigen'^ (M.A.) to 
^vhich they gave the designation 
('^beef thermostable antigen^^). This antigen 
is contained in beef erythrocytes in a much 
greater concentration than in sheep erythro- 
cytes. We have confirmed the findings of 
Stuart and coworkers, although we have not 
used the designation “B.T.” since beef eryth- 
rocytes also contain other thermostable an- 
. tigens which do not react with serum obtained 
from patients with infectious mononucleosis. 
These will be discussed in a later publication. 

The previous method for determining sero- 
logical activity consisted in measuring the de- 
crease in the sheep cell hemagglutinin titer of 
a mononucleosis serum after adsorption by a 
thick suspension of erythrocytes. Our method, 
which we have already described in a previous 
communication,^ is as follows: 1. Determina- 
tion of the sheep cell agglutinin titer of the 
serum using the centrifugation method. 2. 
Adsorption of the serum by various dilutions 
of antigen in geometric series, in such a way 
that the final dilution of the serum cor- 
responds to two agglutinin-units. 3. Removal 
of the insoluble material by centrifugation and 
testing the clear supernatant liquid for sheep 
cell agglutination. 

Using this method, we are in a position to 
carry out activity measurements on our prep- 
arations and to specify the dilution in terms 
of dry substance. 

We use as starting material the stroma 

1 Stuart, C. A., Griffin, A. Fultoii, D., 
xmd Aiutersoii, E. G. E.> Phoc, Soc, Exp. Biol, 
and Med., 1930, 34, 209. 

2 Stuart, 0. A., Griffin, A. M., Whec>ier, K. M,, 
ana Battev, S., Pboc. Soc. Exp. Biol, axd Med., 
1036, 34, b2. 

STomesik, J., and Stdnvarzweiss, H., SV/mcu-. 
Path, and Bakt.. 1947, 10, 407. 


obtained from hemolysed erythrocytes by cen- 
trifugation with the Sharpies supercentrifuge. 

The yield from 100 cc of defibrinated blood 
is about 0.5 g stroma. The activity varied 
on different days between 1:S000 and 
1:32,000 for sheep stroma and between 
1:32,000 and 1:128,000 for beef stroma, the 
variation being principally dependent on the 
sheep erythrocytes used for agglutination. 
On the other hand, the degree of activity is 
influenced little by the nature of the patient s 
serum, provided that the serum is a typical 
infectious mononucleosis serum and that 0.1 
cc of the adsorption mixture prepared accord- 
ing to our technic contains 2 agglutinating 
units. 

In a previous investigation/ we attempted 
to isolate the M.A. from sheep stroma. With 
pyridine and ethyl alcohol, etc., the Forssman 
antigen could be extracted while the MA. 
remained behind in the stroma. Using N/30 
NaOH or 1-2.5% NaHCOa, it was possible to 
bring the M.A. with more or less success into 
solution, but without an increase in its sero- 
logical activity 

In this work beef stroma was studied since 
this offers a very much better source of 
heterogenetic M.A. 

As Table I shows, the serological activity 
of beef stroma towards the heterogenetic in- 
fectious mononucleosis antibody is but very 
little decreased even after heating to iOO^C. 

Digestion with trypsin and pepsin was car- 
ried out in either a phosphate or a citric acid- 
phosphate isotonic buffer solution. The pH 
values were controlled potentiometrically. 

1 mg enzyme was used for each cc stroma sus- 
pension (1:250 dilution). The activity of 
the enzymes was controlled by the fact that a 
suspension of fibrin flakes was completely 
digested within 2 hours, both at the 
t II., and Toinc^ilt, 3., Schca::, 

Z. Path, urnl Bahi,^ in press. 
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efficiency of the method. 

Table V shows that an activity of 1:1,000,- 
000 can be reached starting from a mixed 
fraction possessing an initial activity of about 
1:250,000. 

After standing for one day at 4°C, the 
80% alcohol extract with an activity of 
1:1,000,000 gave a precipitate which was re- 
moved by centrifugation. The precipitate 
showed an activity of 1:80,000 and the ma- 
terial remaining in the solution an activity 
of 1:2,400,000. The last fraction, which was 
obtained as a brownish red powder after 
evaporating off the alcohol, was designated 
by us as a purified heterogenetic “mono- 
nucleosis antigen.” It may be mentioned 
that we have attempted to extract the M.A. 
more readily from the stroma by saponifica- 
tion of the latter with sodium alcoholate (50 
mg Xa in 50 cc alcohol) under reflux. We 
found that this resulted in inactivation of the 
antigen. 

We have attempted a further purification 
by treating the aqueous and the alcoholic 
solutions with activated charcoal both in the 
cold and at the boiling point. The charcoal 
effected complete decolorization, but, at the 
same time, the active substance also disap- 
peared from the alcoholic solution. It could 
be detected in a suspension of the charcoal 
at a dilution of 1:8000 but could no longer 
be recovered. 

Furthermore, we investigated the question 
whether M.A. is a necessary constituent of 
beef erythrocytes or whether as Sohier, 
Jaulmes, and Tissier^ presume, there are in- 
dividual variations. Apart from numerous 
tests with mixed blood, from which we were 
always able to obtain the antigen, we have 
examined blood from three animals sepa- 
rately. In each case, we were able to obtain 
the antigen with correspondingly good activ- 
ity. A further source of is sheep's blood 
stroma. From this, using the extraction tech- 
nic described above, we were only able to 

3 Sohier, R,, Jauliues, Ch., and Tissier, M., Jan. 
in,vf. PastcuVf 1945, 71, 4G3. 


achieve activities of the.alcoholic extract up 
to 1:8000. 

Stuart, Griffin, Wheeler, and Battey- wxre 
able to demonstrate the presence of M.A. in 
rabbit serum by means of the hemolysis in- 
hibition technic. Using our adsorption tech- 
nic, we have examined dried rabbit organs: 
the heart, liver, spleen and cerebellum showed 
an activity of 1:250, the kidneys as much as 
1:500, the stomach, small intestine, lungs and 
cerebrum only 1 : 64, and muscle was inactive. 
The heart, liver, spleen and kidneys were 
combined and extracted according to the 
scheme described. The cold acetone and al- 
cohol extracts, as well as the boiling 100% 
alcohol fractions, were inactive. The boiling’ 
80% alcohol extract exhibited an activity of 
1:500 after 15 minutes and this rose to 1:4000 
after extracting for 2 hours. As claimed b}’ 
Stuart and his co workers, the reason why the 
rabbit does not produce an antibody against 
M.A. fraction of beef erythrocytes is probably 
that it contains this antigen in its own organs. 
Thus, the heterogenetic ^I.A. occurs in beef 
and sheep erythrocytes as well as in rabbit 
organs. On the other hand, no trace of !M.A. 
could be detected in rabbit erythrocytes, in 
peptone, in pepsin, or in trypsin preparations. 

Summary. 1. From the stroma of beef 
erythrocytes it was possible to extract with 
boiling 80% alcohol the so-called hetero- 
genetic “mononucleosis antigen,” which, after 
purification, inhibits the sheep cell agglutina- 
tion of the infectious mononucleosis serum in 
a dilution of 1:2,400,000. It is a thermostable 
hapten and is not digested by pepsin or 
trypsin. 

2. The “mononucleosis antigen” which oc- 
curs in sheep stroma cannot be extracted w'ith 
good activity by means of the technic effective 
for beef cells. 

3. A serologically similar heterogenetic an- 
tigen could also be detected in rabbit organs, 
although in small quantities. This fact makes 
it comprehensible why the corresponding an- 
tibody cannot be artificially produced in 
rabbits. 
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TABLE IV. 

Inhibition of Slieop Cell Agglutinliis in Infeetious Mononucleosis Serum by Beef Stroma Ex- 
tj-aatcd First tvith Acetone and EthvI Alcohol at Room Temperature and Later with Boiliio' 

' • • • Ethyl Alcohol. “ ' 


Extracted with 

Fraction 

Activity of the extract 

Acetone, room temperature 

O-l days 

0 

Alcohol, ”• ” 100% 

O-I ” 

1:125 

Alcohol, boiling, 100% 

7 7 7 7 7 7 

0- 15 min. 

1:32,000 

13- 30 ” 

1:10,000 

77 77 77 

30- 60 " 

1; 8,000 

n 77 77 

CU-120 

1: 4,000 

Alcohol, boiling, 80% 

0- 15 min. 

1:1,000,000 

77 77 77 

15- 30 

1: 250,000 

77 77 77 

30- 60 

1: 500,000 

77 77 77 

GO-120 ’’ 

1: 250,000 

77 77 77 

2-1 hr 

1: 500,000 

77 77 77 

4-8 

1 : 32,000 

Stronn residue 


1:8,000 


TABLE V. 

Purltivutvju of a Lesa Active Beef Stvoma Extract. (Initial dry woi^hfc 1.7 ^)» 

Extracted substance Iiiliibition of 

Extraction bi % Shecii cell agglutijiation 


Boiling acetone, ITO ce O' 15 min, 

,1 M M >’13.30 

.> M 1, »>30'GO 

Boiling lOOCc alcoliol 85 cc 0- 15 min. 
' ” »’ ” 15- 30 

;> M M 30- 60 

fj fj ft 60-120 

Boiling 80% alcohol 85 cc 0-15 min. 

M M M >> >> lo- 30 

M 77 >7 >7 77 30. 00 

17 17 >> >> >> 00-120 '' 

Residue 


21.0 

0 

1G.2 

1:4,000 

6.75 

1:8,000 

2.0 

1:8,000 

l.G 

1:8,000 

28.0 

1:1,000,000 

4.55 

1; 320,000 

0.7 

1: 480,000 

0.95 

1: 320,000 


29.2 


various fractions were obtained. After com- 
pletion of the exhaustive extraction with 
100% alcohol, which removed about 0.3- 
0.7% dry substance calculated with reference 
to the stroma, extraction under reflux was 
performed with 80% alcohol. The fraction 
so obtained contained the ^I.A. in a dissolved 
form and in very much higher activity than 
in the stroma itself. 

Table IV shows that, using 100% alcohol, 
the ]M.A. isolated has only poor activity, but 
that, when 80% alcohol is used, the activity 
jumps to 1,000,000. Likewise, a drop in the 
activity of the stroma residue is manifest. 
Altogether 5.1% dry substance can be p- 
tracted from the stroma, with 80% boiling 
alcohol. This value shows a certain variation 


dependent upon the stroma preparation and 
upon the conditions of the experiment. 

From numerous experiments we obtained 
fractions of high activity (1:256,000-1^1,0007' 
OQO) and low activity (below 1:256,000), 
which we sometimes combined. 

Further purification of the two fractions 
was achieved by the following procedure. 

The alcohol was distilled off under reduced 
pressure the residue evaporated to dryness on 
the water bath and then exhaustively ex- 
tracted under reflux, first with acetone, chang- 
ing the solvent several times, then with 100% 
alcohol and finally with 80% alcohol. 

In this way, a small quantity of highly 
active substance could be recovered from the 
fraction with low activity, an indication of t e 
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TABLE L 

Inhibition of Sheep Agglutinins iu Scrum Sickness, Infectious Mononucleosis, and Forssmau 

Serum by Yarious Agents. 


Antigens 

Inhibition titer of the antigens toward hemagglutinins in 

f 

Serum sickness 

Inf. mononucl. 

Eorssmuu serum 

Sheep erythrocyte stroma 

6,000 

24,000 

32,000 

Beef ” ” 

G-1,000 

64,000 

0 

Horse 

■i.OOO 

S,000 

0 

ft ft 

120* 

320* 

0 

’ ’ serum 

4* 

0 

0 

Babbit erj'throcyte stroma 

250 

0 

0 

}) a 

500* 

0 

0 

* ’ ’ ’ hemolyzed 

trace 

0 

0 

'' spleen and kidney 

16,000 

250 

0 

’ ' liver 

2,000 

250 

0 

’ ’ muscle 

2,000 

0 

0 

Guinea pig kidney 

4,000 

0 

1,200 

Alcoholic extr. of g. pig kidney 

4,000 

0 

16,000 

Several peptones 

0 

0 

0 


0 = no inhibition in a dilution 1 : 6*2.5, calculated iu terms of dry ^veight of stroma or of 
various organs, or in 10% suspension of erythrocytes. 

* rr: the dilutions were calculated exceptionally in volumes and not in weight of the drj’^ 
substance. 


1:48, /.e., 0.1 cc of the serum diluted 1:16 still 
completely agglutinated 0.2 cc of a 0.75% 
suspension of sheep red blood corpuscles. 
The tj^ie of hemagglutinin was determined 
by examining all the sera with various dilu- 
tions of the following antigens; 1. Sheep 
blood stroma. 2. Cattle blood stroma. 3, 
Guinea pig kidney. 4. Rabbit erythrocytes. 
The hemagglutinins were considered to be 
characteristic for horse serum sickness when 
they were adsorbed by all 4 antigens. Of 9 
adult sera, which showed a high agglutinin 
titer, 7 sera were found to be t3rpical for horse 
serum sickness on the basis of their adsorp- 
tion, while of 8 sera obtained from children 
only 2 were found to be typical for horse 
serum sickness. The serum HD 85, which 
was selected as serological indicator for the 
subsequent work, agglutinated sheep red 
blood corpuscles at a dilution of 1:240, cattle 
blood corpuscles at 1:120, and hemolysed 
both types of blood corpuscles at a dilution 
of 1:120. The serological results summarized 
in Table I are the average values of several 
determinations. 

In assessing the results shown in Table I it 
is to be noted that the difference between a 
negative and a positive agglutination was very 
easy to determine in the case of the infectious 
mononucleosis and the Forssman sera, whereas 
the transition from a negative to a positive 


reaction after adsorption of the serum sick- 
ness serum took place stepwise, with the 
result that the titer of the antigen with the 
latter serum exhibited fluctuations of more 
than 50% in different readings. 

As can be seen from Table I, the beef 
stroma exhibited the highest serological ac- 
tivity of all antigens examined, both with 
mononucleosis and with serum sickness serum. 
Since boiling the aqueous stroma suspension 
is not detrimental to the serological activity, 
it may be concluded that the B.T. (beef 
thermostable substance) described by Stuart, 
Griffin, Wheeler, and Battey^ contains both 
M.A. and S.S.A. On the other hand, as al- 
ready known, guinea pig kidney contains the 
Forssman antigen and S.S.A. Thus, if our 
conception described above is correct, it 
should be possible to isolate S.S.A. both from 
beef stroma and from guinea pig kidney. 
Since we were able, as previously reported,^® 
to isolate the heterogenic mononucleosis an- 
tigen in a purified form from B.T. by frac- 
tional extraction with cold and boiling or- 
ganic solvents, we also employed the same 
procedure for the isolation of S.S.A. 

Table II shows that ive ivere able by means 
of 100% boiling alcohol to e.xtract S.S.A. from 
beef stroma with a considerable increase in 
its activity. Since, as shown in a previous 
study a considerable increase in the M.A. 
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Nature of the Heterogenetic Hapten Reacting with Hemagglutinins in 

Horse Serum Sickness. 

J. ToMCSIK and H. SCHWAlez WEISS, 

Fro\)v il\e B^jgienxo InstiUitCf University of Basel 


An increase in the sheep^s blood hemagglu- 
tinins in horse serum sickness has been de- 
scribed by both Hanganutziu and Deicher, 
Paul and Bunnel have described a similar 
phenomenon in infectious mononudeosis. Jt 
has subsequently been reported in numerous 
publications that the hemagglutinins in serum 
sickness and in infectious mononucleosis cor- 
respond to two different heterophilic anti- 
bodies (e,g., Davidsohn et Stuart et 

SchifF even referred to a serum sick- 
ness antibody and gave the name serum sick- 
ness antigen (S.S.A.) to the receptor which 
reacts with the hemagglutinin in serum sick- 
ness, For the sake of simplicity, this ex- 
pression will be retained in the present pub- 
lication, although it should be noted that the 
part played by this antigen in the genesis of 
serum sickness has been in no way confirmed. 

According to our conception, it is justi- 
fiable to include in the group of heterogenetic 
antigens, in addition to the Forssman antigen, 
both S.SA, and the erythrocyte- antigen re- 
acting with the antibodies in infectious mono- 
nucleosis (M.A.) as separate antigens. How- 
ever, this conception does not appear to be a 
general one. For example, Boyd^ writes: 
“The Forssman antigen is probably not a 
definite chemical entity, but a serological con- 
ception, a collective term covering substances 

1 Davidsohn, J., J. Immunol,, 1929, 10, 259. 

2 Davidsohn, J., «7. Immunol., 1930, IS, 31. 

3 Da^ddsohn, J., J. Infect. Bis., 1933, 53, 210. 

•i Stuart, C. A., Tallman, J., and Brintzenhoff, 

E., J. Immunol, 1035, 28, 85. 

5 Stuart, C. A., Gridin, A. :iX., WiieeJcr, K. 2L, 
and Battey, S., Proc. Soc. Exp. Biol, xxd ^tED., 
1030, 34, 212. 

c Stuart, C. A., Pulton, Ale. D., Ash, B. P,, and 
Gregory, K. K., J. Infect. Vis., 1030, oO, 65. 

7 Scliiir, P,, J. Immunol, 1937, 33, 305. 

8 Boyd, W. C., Fundamentals of Immunology, 
Intorscienco Publishers, 1047, 2nd cd., p. 141. 


which, injected into rabbits produce sheep 
hemolysins. The original Forssman antigen 
was a concept somewhat more narrow.” In 
contrast to this conception, we consider it 
more correct to retain the original precise 
definition of the Forssman antigen and to 
recognize the other heterogenetic antigens 
mentioned as different substances. However, 
this conception presupposes a mosaic-like 
structure of certain cell antigens,^ the indi- 
vidual antigens being separable from one an- 
other even when they are components of a 
large molecule. The purpose of this work 
was to separate the S.S.A. from the other 
heterogenetic antigens described above, even 
when they occur in the same cell, and to elu- 
cidate its nature. 

The technics for carrying out the hemagglu- 
•tination and the inhibition reactions were de- 
scribed in previous papers.^'^® When the 
nature of the hemagglutination is not more 
precisely defined, sheep’s blood agglutination 
is to be understood. By degree of activity, 
we understand the reciprocal value of the 
highest dilution of antigen, calculated in terms 
of dry substance, which is capable of com- 
pletely suppressing the hemagglutinating 
power of two antigen units. 

For the purpose of selecting a human serum 
to serve in the subsequent course of the work 
as a serological indicator for the study of the 
S.S.A., 26 human sera were e.xamined. The 
shortest interval of time between injection of 
the horse serum and removal of a sample of 
blood was 7 days. In 16 cases, the serum 
was obtained from more or less severe cases 
of serum sickness with exanthema. In 17 
cases, the agglutination titer was more than 

9 Tomcsik, J., and Schwarzweiss, II., Schtc<i^. 

Z. Path, und BaU., 1947, 10, 407. 

10 Scliwarzweiss, 11., and Tomcsik, J,, PROC. Soc. 
Exp. Biol, and XIed., accompanyjjig ]>ajJer. 
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occurs heterogenetically in guinea pig kidney 
and it could also be isolated from the Forrs- 
nian antigen although without increase in 
activity. 

3. Horse serum is a poorer source for isola- 


tion of fne so-called serum sickness antigen. 
The latter could be isolated from the serum, 
after removal of the albumin bodies by co- 
agulation with heat, with an activity of 
1:1,500. 
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Dimethyl Ether of ^/-Tubocurarine Iodide as an Adjunct to Anesthesia. 

V. K. Stoelting, J. P. Graf, and Z. Vieira. (Introduced by K. K. Chen.) 

From the Department of JnesthebioJogijj Indiana Univeraity School of MedicinCy Indianapolis. 


The capacity of curare to block efferent 
nervous impulses at the myoneural junction 
has long been known. Bennett^ administered 
curare clinically to minimize the trauma to 
patients undergoing convulsive shock therapy. 
Subsequently, Griffith and Johnson- and 
Culleir reported the use of curare as an ad- 
juvant for relaxing the abdominal muscles 
during inhalation anesthesia. 

The dosage of rf-tubccurarine chloride ad- 
ministered to patients during anesthesia rarely 
produces toxic cerebral or cardiovascular 
manifestations. The drug frequently produces 
moderate or severe respiratory depression. 
For this reason, other natural and syn- 
thetic compounds have been investigated. 
One of the more promising preparations is 
dimethyl ether of c?-tubocurarine iodide>*^ 
This compound has a chemical formula 
C^uH|.sO,;X 2 l- ■ 3HiiO. It will be referred to 
as !M-curare. In animal experiments, Chen 
and Swanson^‘ demonstrated that M-curare 
effectively decreases muscle tone without pro- 
ducing respiratory depression. 

Experimental. We have administered M- 

I Bennett, A. E., J. Med. Science, 1941, 

202 , 101 . 

- Grifiitli, 11. R., and Johnson, G. E., Anesthesiol- 
ogy* 1042, 418. 

’’i Cullen, S. C.. Stirgcrpy 1943, 14, 2G1. 

^ King, II., J. Chem. S’oe., London, 1935, (pt. 2), 
1381-1389. 

"‘Collier, H. O., and Paris, S. K., XatiirCy 1948, 
101, 817. 

«Clien, K. K., and Swanson, E. E., personal 
conununieatiun of unpublished data. 


TABLE I. 


Range of initial 
dosage in mg 

No. of / 


Anesthesia 

patients 

:Miu. 

Max. 

Avg 

Cyc-lopropane 

Id 

1 

4 

2 

Ether 

49 

1 

5 

2.5 

Nitrous o.xide 

35 

1 

G.5 

3 


curare to anesthetized patients of both sexes, 
ranging in age from 10 to 84 years of age. 
The degree of relaxation reported was based 
on the evaluation of the surgeon. 

The drug was dissolved in a distilled water 
and the curare adjusted to .5 mg per cc.* A 
preservative was added. The pH varied from 
4.0 to 5.0. The solutions were stored at room 
temperature and used over a period of several 
w’eeks. Different lots of the drug w’ere ad- 
ministered the intravenous route. The 
initial dose consisted of 1 mg or more of the 
drug. 

Data presentede in the table show the 
amount of ]M-curare required to produce ade- 
quate relaxation. The dosage recorded was 
given in one or more injections within a period 
of 10 minutes.' Adequate rela.\ation was not 
noted in any patients who received less than 
1 mg of M-curare. 

It will be noted that an average of 2 mg 
of M-curare produced satisfactory rela.xation 
in 16 patients receiving cyclopropane anes- 
thesia. An average of 2.25 mg was required 
to produce adequate rela.xation with ether 

Supplied by Eli Lilly Resc.^rch Laboratories, 
Indianapolis, Ind. 



564 


Heterogenetic Hapten Reacting with Hemagglutinins 


TABLE II. 

Inhibition of Sheep Agglutinins in Infectious Mononucleosis and Serum vSickness Serum by 
Beef Stroma Extracted First with. Acetone and Ethyl Alcohol at Boom Temperature and Later 
^ with Boiling -Ethyl Alcohol. 


Inhibition titer of the extracts 
toward hemagglutinins in 


Extracted with 

Fraction 

Inf. mononucl. 

Serum sickness 

Acetone, room temperature 

0- 4 days 

0 

0 

Alcohol, ” ” 100% 

0' 4 

123 

16,000 

Alcohol, boiling, 99.9% 

0' 4 hours 

10,000 

192,000 

ji a 11 

4- 8 

48,000 

256,000 

i) J i 71 

8-12 '' 

48,000 

256,000 

Alcohol, boiling, 80% 

0“ 4 hours 

1,100,000 

6,000 

If 77 77 

4- 8 

500,000 

48,000 

ft >7 77 

8^12 

256,000 

32,000 


activity can be detected only in the fractions 
obtained with 80% boiling ethyl alcohol, it 
was possible to separate the two heterogenetic 
antigens from B.T. by means of a simple 
procedure based on their difference in solu- 
bility. After repeated application of this 
procedure, two fractions were obtained from 
beef stroma which exhibited the following 
activities! 

Fraction A: S.S.A. activity 512,000, AI.A. 
activity 8,000. 

Fraction B: S.S.A. activity 16,000, M.A. 
activity 1,000,000. 

Preparation of pure S.S.A. from rabbit 
stroma was not attempted as its activity was 
too small. It is all the more difficult to give 
an explanation of the small serological activity 
of this stroma in comparison with the intact 
or boiled rabbit erythrocyte suspension since 
the hemolysed erythrocytes were completely 
inactive; thus, the active . substance of the 
stroma could not be detected outside the 
stroma. 

The next question was whether the S.S.A. 
could be separated from the Forssrnan an- 
tigen of guinea pig kidney. 10 g dried and 
finely powdered guinea pig kidney were ex- 
tracted twice, for 9 hr each time, with 250 
cc 97% alcohol in a Soxhlet apparatus. 
Afterwards the residue was further extracted 
for varying lengths of time, up to 3 hours, 
with boiling 97% alcohol. Both antigens 
were detectable in the cold alcoholic extract, 
but when the already thoroughly extracted 
residue Nvas further extracted with boiling 


alcohol, only S.S.A. with an activity of 
1:1,000 could be detected. In contrast to 
beef stroma, it was thus possible to isolate 
the S.S.A. from guinea pig kidney, but with- 
out elevation of the serological activity. 

After these investigations of its hetero- 
genetic occurrence, S.S.A. was finally investi- 
gated in the original antigen, /.c., in horse 
serum. 750 cc horse serum with a S.S.A. ac- 
tivit}^ of 1:2 were coagulated at 100^^ and 
the coagulated mass of albumin separated 
from the liquid portion on a Buchner filter. 
Both fractions were dried in a vacuum drying 
oven. The suspension of coagulated albumin 
was still inactive against serum HD 85 in a 
dilution of 1:50, while the dried residual sub- 
stance obtained from the filtrate showed an 
activity of 1:1,200. By fractional extraction 
with alcohol, however, no increase in activity 
could be achieved. Both the cold and the hot 
alcoholic extracts had a serological activity of 
about 1:1,500. 

Summary. 1. From beef stroma pretreated 
at room temperature with acetone and alcohol, 
a fraction was isolated with boiling 100% 
alcohol which, in a dilution of 1:500,000, 
combines with the sheep blood agglutinin of 
human serum produced during serum sick- 
ness. Using the terminology of Schiff, this 
fraction corresponds to the heterogenetic 
serum sickness antigen; it could be separated 
to a large extent from the heterogenetic mono- 
nucleosis antigen which also occurs in beet 

stroma. , • 

2. The so-called serum sickness antigen also 
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Fig, 1. 

•demerol, and methadon exert their effects on 
oxidative processes in a manner similar to the 
anesthetics and hypnotics. 

In the following investigation two new anal- 
getic agents,^ namely, (a) 1,3 -dimethyl- 

4-pheny!-4-propionoxy-piperidine hydrochlo- 
ride (Nu-1196), and (b) (//-jiJ-ljS-dimethyM- 
phenyl-4-propionoxy-piperidine hydrochloride 
(Nu-1779)* were compared with methadon in 
regard to their In vitro effects on brain 
metabolism using the conventional mano- 
metric methods.^’'^ The formulae for these 
compounds are given in Fig. 1. 

Randall and Lehman^ have made studies 
on these compounds relative to analgesia in 
the rat. They report that Nu-1196 has about 
the same analgetic potency as morphine and 
Nu-1779 is about 5 times as active as mor- 
phine in rats. Studies^ carried out in our 
laboratory indicate both of these new agents 
to be potent analgetics in normal subjects. 

1 Quastel, J. H., and Wheatley, A. H. M., 
Biochem. X, 1932, 20, 725. 

2 Jowett, M., J, Physiol, 193S, 92, 322. 

3 Fuhrman, F. A., and Field, J., 2ud., J. Pharm. 
and Bxp. Thcrap., 1943, 77, 392. 

^ Elliott, H. W., Warrens, A. E., and James. 
H. P., .7. Pharm, and Exp, Thcrap., 19t7, 91, 98. 

^Zicring, A., and Lee, J., /. Org. Chcm., 1947, 
12, 911. 

* Those drugs were supplied hy the Hoffmann* 
LaRoehe, Ino., Xutloy, N. J. 

G Dixon, MM., Manomctric ^IcthoOs, Maeinillan 
Co., New York, 1943. 

♦ Vmbroit. W. W., Burris, B, II., and Stauffer, 
J. F., Manometric Technics, Burgess Publ. Co., 
Minneapolis, Minn., 1945. 

SKandell, L. 0., and Lehmann, G,, J. Phann, 
and Exp. Thcrap., 194S, 03, 314. 

if Gratis, E. G., Honand, H. L,, and Sehuekr, 
F. W,, J. Applied PhpMol, hi press. 


Nu-1196, while being the least potent on a 
milligram basis, shows the greatest clinical 
promise since at comparable analgetic levels 
its side effects are minimal relative to Nu-1779 
and morphine. 

Procedure and Results. The oxygen con- 
sumption of brain cortex tissue slices (Rat) 
respiring in the presence of various substrates 
together with the three drugs Nu-ii96, 
Nu-1779, and methadon were determined by 
the direct method of Warburg. 

Cerebral cortex slices were cut \Yith a razor 
and template^^ and the tissues were suspended 
in a modified Krebs-Ringer solution. The 
modified medium used was prepared accord- 
ing to the directions given by Elliott et al,^ 
Phosphate buffer was used in all of the oxygen 
uptake measurements together with a gas 
phase of oxygen. After 2 J /2 to 3 hours {i.e., 
after at least 90fo decrease in the initial O 2 
uptake) the appropriate substrate was added. 
The shaking was continued for one hour after 
addition of the substrate. The drugs were 
made up in Ringer’s solution and added to 
the tissues from the side arm after the control 
period of 60 minutes with substrate and con- 
tinued for an additional 60-minute period. 
Each vessel, therefore, served as its own 
control and in addition controls were run for 
the entire 120-minute period. 

Table I summarizes the experimental re- 
sults expressed as per cent gross inhibition* 
of oxygen consumption during the second 
hour over that obtained during the first hour. 
We have also summarized the oxygen uptake 
values in this table in terms of the mm^ O 2 
uptake per milligram of wet weight tissue 
per hour, due to the added substrate with 
and without drug. Table II summarizes the 
effect of the analgetic agents upon the oxygen 
uptake of brain after at least 90% decrease 
in the oxygen consumption where no sub- 
strate has been added. The per cent net 
inhibition of oxygen consumption due to drug 
alone was calculated by subtracting the per 
cent fall of the control during its second hour 
over its first hour from the respective per cent 
gross inhibitions due to the drugs. 

loCnuisoi), J. M,, and Field, J., 2ud, Am. J. 
Physiol., 1940, 130, 231, 
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anesthesia. With nitrous oxide anesthesia, 
the comparable dosage was 3 mg. 

Relaxation produced by the initial dose of 
M-curare sufficed for surgical procedures, 
lasting 60 to 90 minutes. After this period, 
supplemental injections of .5 to 1 mg were 
infrequently required. The anesthesia level 
was maintained in lower plane I or upper 
plane II in all the patients. Reflexes were 
absent in 8 patients at the termination of 
surgery. Intubation was performed in 44 
patients where the type of surgery made the 
technic mandatory. 

No cardiovascular changes were noted in 
any of the patients. In no case could a fall 
in blood pressure be attributed to the drug. 

Mild respiratory depression was observed 
in 9 patients in a series of 100 cases. In 
7 of these, respiratory depression existed 
before surgery as the result of excessive pre- 
medication. One of the remaining cases re- 
ceived 7.5 mg of M-curare during a IS-minute 
period. Five minutes after the final injection, 
the rate of respiration decreased from a 
normal of 22 per minute to 14. Ten minutes 
later it had returned to the normal rate. Sub- 
sequently, the patient received injections of 
.5 mg and 1 mg without the development of 
respiratory embarrassment. Mild respiratory 
depression occurred in the other patient 3 
minutes after the injection of 1.5 mg of 
M-curare. The rate of respiration decreased 
from a normal of 24 per minute to 16. This 
depression persisted for 5 minutes and the 
rate of respiration returned to a normal of 24. 
Subsequent injections of .5 mg and 1 mg of 


M-curare caused no untoward respiratory 
changes. Each of these patients maintained 
an adequate tidal exchange during the period 
of respiratory depression, 

Dkcusslon. The relaxation obtained with 
iM-curare in this study was comparable to 
that obtained by other workers using d-tubo- 
curarine chloride. The drug appears to have 
a selective action on skeletal muscle similar 
to that of d-tubocurarine chloride, but seldom 
affects the muscles of respiration. 

No gross or microscopic changes w^ere ob- 
served by Chen and Swanson® in any of the 
organs of the experimental animals whicli 
received lethal doses of M-curare. The 
median lethal dose (LD^o) of i\I-c«rare in 
rabbits by intravenous injection, plus and 
minus standard error, was found to be 
0.031 0.002 mg per kg of body weight. 

The average dose sufficient to produce head 
drop in rabbits was approximately 0.0167 mg 
per kg of body weight (usually referred to as 
a rabbit unit). A group of S rabbits tolerated 
one rabbit unit per day for 10 days. At the 
end of this period, 6 out of 8 rabbits suc- 
cumbed to an LD 50 injected intravenously. 
This gave evidence that neither tolerance nor 
cumulation had developed. 

Summary. The administration of tlie 
dimeth 3 d ether of d-tubocurarine iodide 
(]M-curare) to 100 patients produced rela-xa- 
tion comparable to that of d-tubocurarine 
chloride. Respiratory depression was seldom 
observed and was of minor degree when 
present. Less M-curare than d-tubocurarine 
chloride is needed on a mg-for-mg basis. 
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Effect of Two New Analgetic Agents on the Oxygen Consumption of 

Brain In vitro* 

F. \V. SCHUELER AND E. G. GrOSS 

From the Depariment of FhannacoJogy, CoUege of ^lalicine, The State Vjiivcrsiiy of Iowa. 

Quastel and others^-*^ have conducted between in vivo and in vitro activity. Similar 
investwations on the actions of hypnotics and studies fay Elliott, Warrens, and James^ sug- 

anesthetic agents on brain metabolism in gest that, except for their findings on succinate 

which they have indicated parallels to exist oxidation, there is no evidence that morphine, 
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TABLE II. 

Effect of Analgetic Agents on Oxj-gen Uptake of Brain After at Least Decrease* in 

Respiration on Endogenous Substrates. 

Average mni3 Oo uptake per hr per mg wet weight of tissue 


1st hr kr 

Xo drug. Xo added substrate Witli drug. Xo added substrate 


Morphine O.OIM 

.167 

.019 

Methadon O.OIM 

* .133 

.029 

Xu-1779 O.OIM 

.102 

.042 

Xu-1196 o.ont 

.074 

.011 

Control 

.161 

.073 

* Drug was added after 2^^ 

- 3 hr of shaking in Warburg flasks. 

Xo substrate was added. 


The effects produced by the drugs are com- 
pared at equi-molar concentrations with 
methadon (at O.OIM) on glucose as a refer- 
ence substrate. This concentration of metha- 
don was found experimentally to produce a 
significant inhibition of the oxygen consump- 
tion of brain respiring on glucose.^ 

Conclusion. Our experiments indicate that 
significant inhibitions of the oxygen consump- 
tion of brain slices may be obtained using 
the new analgetic agents Nu-il96 and 
Nu-1779 when this tissue respires on glucose, 
lactate, pyruvate, a- and /^-glycerophosphate 
(52% a), citrate, and possibly succinate. It 
must be pointed out, however, that inhibitions 


due to drug with citrate as a substrate are to 
be considered quite dubious since the normal 
increase in O 2 consumption by this substrate 
alone is so small. Doubtful inhibitions were 
produced when brain slices respired on gluta- 
mate and oxalacetate. Xu-1196 and Nu-1779 
showed insignificant effects at concentrations 
less than O.OIM. 

As in the case of demerol, methadon, and 
morphine reported by Elliott et the con- 
centrations of the new agents Xu-1196 and 
Xu-i779 required to produce significant inhi- 
bitions were vastly larger than that required 
in the production of in vivo effects. 
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Reduction in the Number of Adult Trichiuella spiralis in Rats After 
Treatment with Naphthoquinones.* 

Jose Olivee-Gonz.^lez axd Ernest Bueding. 

From the DeiJortment of Pharmacology^ Westeni Peserec University School of lledicine, 
Cleveland. 0., and the School of Tropical McdicinCf San Juan. Puerto Pico. 


The effect of naphthoquinones on the 
metabolism of Schistosoma mansoni has been 
studied recently.^ 2-methyl- 1,4-naphthoqui- 
none inhibits the rate of glycolysis of 5. man- 
soni in vitro. Administration of this com- 
pound with subcurative doses of “Fuadin” to 

* Tliis investigation was supported a research 
grant from the Division of Ecsearcli Grants and 
Fellowships of the Xational Institute of Health, 
U. S. Publie Health Service. 

1 Bueding. E.. Peters, L., and Waite, J. F., 
Proc, Soc. Exp. Biol, xsd Med., 1947, G4, 111. 


mice infected with S. mansoni causes a 
marked decrease in the rate of glycolysis of 
the worms. Other naphthoquinones varied as 
to the degree of their anti-glycolytic activity 
in vitro as well as in vivo. The inhibitory 
effect on glycolysis manifested by these naph- 
thoquinones is decreased markedl}^ when the 
worms are incubated in dialysed blood serum 
instead of a protein-free salt solution. This 
suggests that interaction of the naphtho- 
quinones with serum proteins \vould reduce 
any intrinsic activity of these compounds 
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TABLE I. 

Inhibition of the Oxygen Uptake of Bvaln SUees by Nu-ll Ob and Nu<1779. 

A (net change) in 0^ 
uptake due to the presence 
of the given substrate in 
the absence and in the 
presence of the drug 


Substrate 
and drug 

Glucose 0.2% 
Methadon .OlM 

Nu-1779 .OlM 

Nu-n96 .OlM 

' Control (no drug) 
Glucose 0.2% 

Morphine HCT .OlM 
Control (no drug) 


Eirsc 

without drug 


Lactate 0.2% 



Methudon 

.OlM 

11 

Nu-1779 

.OlM 

9 

Nii-1196 

.OlM 

12 

Control (no drug) 

9 

Succinate 0.2% 



Metliadou 

.OlM 

10 

Nu-1779 

.OlM 

10 

Nu-llOG 

.om 

11 

Control (no drug) 

7 

Pyruvate 0.2% 



Methadon 

.OlM 

7 

Nu>1779 

.OlM 

7 

Nu'llSG 

.out 

7 

Control (no drug) 

G 

Citrate 0/2% 



Methadon 

■Olil 

7 

Xu‘1779 

.out 

G 

NU'1196 

.0111 

8 

Control (no drug) 

6 

tf 4- Q'glycerophcsphate 

.27o (5: 

Metimdon 

.OlM 

4 

Xu'1779 

.OlM 

4 

Nu-llOG 

.OlM 

4 

Control (no drug) 

4 

Glutamate .2% 

.OlM 


Methadon 

4 

Nu-1779 

.DIM 

4 

Nmll96 

.DIM 

4 

Control (no drug) 


Oxalacetato .2% 

.OlM 


Methadon 

4 

Nu-1779 

.OLM 

4 

Nu-llOG 

.OlM 

4 

Control (no dr 

•ug) 

4 


Second hrt Gross inhibition 
with drug m rt o- 


Not inhibition 


52.0 ± 1.2 

45.0 It 4.2 

50.0 5.5 
7.S±1J 

74.7 it 1*5 

41.1 H; 4.4 

42.2 H: 5.0 

10.1 Hi 5,2 
S.O It 1.2 

2.1 ± 5.3 

GS.7 it 3.9 
57, G it G,3 
51.0 It 3.9 
24.G :t L5 

44.1 ± 5.9 
33.0 ± 7.7 
2G.4 It 5.9 

43.8 It 3.2 

36.9 ±Z7 

35.3 ± 2.5 

24.3 it *^'3 

19.5 ± 5.4 

12.0 It 5.1 

11.0 t: 5.0 

749 ± 2.8 
72.5 ± 2.9 
G9.3 itl.O 
10.8 It ^-5 

58.1 ± 5,3 
55.7 it 5,4 
52.5 ± 48 

73.0 It L3 
SG.2 It 5.0 

51.0 It 2.1 

34.0 It 

39.0 H: 4.4 
52.2 ± 6.5 

47.0 It 4.7 

49.0 ± 3.2 

30.0 H; 8.8 
18.2 It 41 

15.0 ± G.G 

34.0 ± 7.3 

15.0 H- 11.0 

32.0 H: 7.7 

58.0 It 2.8 

08.0 it 1.9 

74.0 It 3.4 

58.0 ± 3.2 

0.0 ± 4.2 
10.0 ± 3.7 
IG.O It 47 

G2.5 ± 4,3 

44.0 it 1-9 
G2.0 it 1-S 

03.0 Hi 3.7 

— 0.5 it 5.7 
— 10.0 ± 4.1 

— 1.0 It 42 


m = ileau % gross inliibitiou. 

ff = Standard error of mean % gross inlubutou, 

M ^ Mean % net inhibition. 

= Standard error of mean % net inhibition. 

M = ni experiment ■ — m control. 

addition of drug. 
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cleus. Several of the compounds that had no 
effect on adult T. spiralis are more effective 
inhibitors of glycolj^sis of S. viansoni than 
2'methyl-l,4-naphthoquinoner On the other 
hand, the antUglycolytic activity of 2-hy- 
droxy - 3 - piperidinomethyl - 1, 4-naphthoqui- 
none against glycolysis of schistosomes ^Yas 
a hundred times lower than that of 2 -methyl- 
1, 4-naphthoquinone.^ Apparently, two dif- 
ferent mechanisms are involved in the effect 
of naphthoquinones against adult trichinae 
and on glycolysis of schistosomes, since com- 
pounds that possess high anti-glycolytic ac- 
tivity did not reduce the number of trichinel- 
lae and the reverse was true for the 2- 
hydroxj’^-S -piperidinomethyl derivative. 

No indication was obtained as to whether 
2 -methyl- 1,4-naphthoquinone inhibits any 
specific metabolic reaction of adult trichinel- 

-Buediflg, E., and Peters, L., unpublislied ob- 
servations. 


lae. The metabolism at the adult stage of 
this parasite differs markedly from that of the 
larvae. Unlike the latter,^ adult trichinellae 
have an extremely low rate of oxygen uptake 
and do not contain any significant amount of 
glycogen. Furthermore, it was found that the 
adult worms do not utilize glucose present in 
the medium and do not produce any signifi- 
cant amounts of lactic acid or other acids 
when incubated in a salt medium containing 
glucose. 

Summary. The oral administration of 2- 
methyl- 1 ,4-naphthoquinone and 2-hydroxy- 
3 - piperidinomethyl - i,4-naphthoqumone to 
rats infected with Trtchinella spiralis pro- 
duced a significant reduction in the number 
of intestinal adult trichinellae. Nine other 
structurally related naphthoquinones had nu 
such effect. 

s Stannard, J. W., McCoy, 0. R., and Latcliford^ 
W. B., Jm. J. JL93S, 27, 666. 
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Activity of Pantothenol as Pantothenic Acid in Promoting Chick Growth,^ 

D. ]Mark Hegsted. (Introduced by F. J. Stare.) 

From the Depart ment of Xntritionj Harvard School of Public Health, and the Department of 
Biological Chemistrg, Harvard Hedical School, Boston. 


The activity of pantothenol as pantothenic 
acid in various species has been recently re- 
viewed.' It is of interest that this compound 
interferes with the utilization of pantothenic 
acid by certain microorganisms- whereas in 
rats^ and human beings'-'" it is converted into 
pantothenic acid and appears to be as active 

* Supported in part by grants-iu-aid from the 
Nutrition Foundation, Inc., New York City, the 
MUbauk Memorial Fund, New York City, and 
Swift & Company, Clucago, 111. 

1 Anonymous, A’utn’Ooa Bcv., 19 4S, C, 27*2. 

2 Snell, E. E., and Slave, W., J. Biol. Chem., 
1945. loa, 551. 

3 Pfalz, n., Z. f. Viiahiinforsch., 1943, 13, 236. 

^Burlet, E., Z. f. Vitamin forsch., 1944, 14, 31S. 

5 Rubin, S. H., Cooperman, J. M., Moore, M. E., 

and Seheiner, J., J, Xutrition, 194S, 35, 499. 


as pantothenic acid itself in these two species. 
From the results presented in this paper, it is 
concluded that on an equivalent basis, mole- 
cule for molecule, pantothenol is 86% as 
active as pantothenic acid in promoting chick 
growth. 

Nine groups of white* leghorn cockerels 
one week of age were fed the low pantothenic 
acid diet previously described.^ After 4 days 
of depletion, graded doses of calcium panto- 
thenate ranging from 16 to 160 /ag per chick 
per day were administered to 6 of the groups 
by pipette placed directly in the crop. The 
remaining 3 groups received pantothenol in 
the same manner at 40, 65, and 100 pg per 

c Hegsted, B. M., and Lipmanu. F., J. Biol, 
Chem., 194S, 174, S9. 
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^ - TABLE I. 

Number of Adult Trichinae Hecovered from Eats After Treatment with a Single Oral Dose of 
20Q mg of Various 1^4>quiuone3. 


Compound 

No. of rats used 

Avg No. of worms 
recovered 

Treated 

Untreated 

Treated 

Untreated 

■2'AIethyM,4*uaphthoqumone 

0 

2 , 

49 

250 

if 

5 

« 2 

217 

689 


5 

2 

76 

461 

if if 

10 

3 

39. 

411 

ff if 

10 

3 

88 

615 

*2-Hydroxy*3’N-piperidinomethyl- 

2 

2 

100 

513 

1,4'iiaplithoquinone 





2*Hydroxy'3'N-piperidinometIjyl- 

5 

2 

68 

507 

l,4*naphthoquinone 





■2-Hydroxy '3-N (2-methyIpiperidiuo) - 

2 

o 

483 

467 

inethyM,4-naphtIioquinone 





3-Hydroxy •2-isoamyl-naphthoquinone 

2 

2 

412 

510 

3-Hydroxy-2-metIiyl-octyM,4- 

o 

2 

3G1 

366 

naphthoquinone 





2, 3 -Diehlor 0-1, 4 -naphthoquinone 

2 


508 


Tolu-p-quinone 

2 

2* 

581 

604* 

Beta-carbomethoxyethyl- ( 2-metliyl’ 

2 


388 


3-11- thiobutyl-l, 4-nap hthoquinonyi- 





6) -ketone 





2-Hethyl-‘34;hioethyl-6-butyryl-l,4- 

2 


444 


naphthoquiuone 





3-N-Thioainyl-2-chlorO'l,4- 

2 

2* 

319 

420* 

napbthoquinone 





2,5-ditertiary-butyM,4- 

2 


480 


hydroquinone 






* The same two rats served as controls for the aecompaayiag three drugs tested. 


against parasites living in a habitat with a 
liigh protein content. Of interest, therefore, 
is the study not only of their therapeutic 
utility, but also of the effect of naphtho- 
quinones on the metabolism of intestinal 
worms, since these live in a medium relatively 
low in protein. The following is a report of 
the results obtained after treating rats with 
naphthoquinones during the intestinal stage 
of infection with Trichinella spiralis. 

Rats weighing from 200 to 300 g were fed 
by stomach tube with 1100 to 1500 infective 
trichinae larvae each. The larvae were ob- 
tained from trichinous rat meat digested in a 
pepsin-hydrochloric acid mixture. Twenty- 
four hours later the rats were given a single 
dose of 200 mg^ of the compound to be 
tested.^ The drug was suspended in mucilage 

i Ror some of tlie compounds, 200 mg was the 
maximum tolerated doso for rats. 

J The eoiujmunds used were supplied generously 
by Dr. Louis T. Tioser, Department of Chemistry, 
Harvard University, and by the Abbott Labora- 
tories, North Chicago, 111. 


of tragacanth and then fed through a stomach 
tube. On the fifth day after infection the rats 
were killed and the number of adult trichinae 
present in small and large intestine were re- 
covered and counted. Untreated rats were 
killed together with the treated ones to serve 
as controls. 

Of the 11 compounds tested only two 
(2-methyl- 1,4-naphthoquinone and 2-hy- 
droxy - 3 - piperidinomethyl - 1,4-naphthoqui- 
none) caused a diminution in the number of 
intestinal trichinae (Table I). The average 
number of worms recovered in the animals 
treated with these two compounds "vvas sig- 
nificantly less than in the untreated ones. 
The chi-square test was calculated for each 
drug and the values of P were beyond the 1% 
level of significance. 

It is of interest that the reduction in the 
number of worms was caused by only two of 
the naphthoquinones tested. Since all the 
compounds are closely related, the efiect is 
apparently determined by highly specific 
groups attached to the naphthoquinone nu- 
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A Study of the Effect of Alloxan Diabetes on the Riboflavin Requirements 

of Young Rats.* 

F. C. Chahalampous and D. M. Hegsted. (Introduced by F. J. Stare.) 

From the Department of Nutrition, Harvard School of Pnhlic Health, and the Department of 
Biological Chemistry, Harvard Hedical School, Boston. 


Clinical as well as experimental evidence 
has at various times been interpreted to in- 
dicate that various members of the vitamins 
of the B complex may be useful in the control 
of diabetes mellitus or that the vitamin re- 
quirements of the diabetic animal are abnor- 
mally high. It would not be surprising if 
this .were true in view of the well known 
functions of thiamine, riboflavin and niacin 
in the metabolisnf of carbohydrates.^"^ Re- 
cent evidence implicates pantothenic acid^ 
and biotin’*"^ in carbohydrate metabolism as 
well, and choline might be important indi- 
rectly in glucose metabolism through its effect 
upon liver function. 

However, all of the clinical data^"^" may be 

* Supported in part by grauts-in-aid from the 
Nutrition Foundation, Inc., New York City, the 
^Milbauk ^temorLal Fund, New York City, and 
Swift & Company, Chicago, 111. 

1 Baldwin, E., Dynamic Aspects of Biochemis- 
try, The Macmilhin Company, New Yorkj 1947. 

- Sumner, J. B., and Somers, G. F., Chemistry 
and Methods of Enzymes, New York, Academic 
Press, Inc., 1947. 

3 Soskin, S., and Levine, R., Carbohydrate 
Metabolism, Chicago, Eniversity of Chicago Press, 
1946. 

^ Pilgrim, F. J., Axelrod, A. E., and Elvehjem, 
C. A., J. Biol. Chem., 1942, 14o, 237. 

^Liehstein, H. C., and Embreit, AY. AY., J. Biol. 
Chem., 1947, 170, 329. 

3 Ochoa, S., Mehler, A., Blanchard, M. L., Jukes, 
T. II,, lloflmann, C. E., and Regan, M., J. Biol. 
Chrm.. 1947, 170, 413, 

Suinmerson, \V. H., Lee, J. M., and Pattridge, 
C. lY. H., ^’eiejice, 1944, 100, 250. 

s Lardy. H. A., Potter, R. L., and Elvehjem, 
C. A., J. Biol, riirm,, 1947, 160, 451. 

oVorhaus, M. G., ^YilUanl3, R. R., and Water- 
man, R. E., J.J.M..1., 1935, 105, 15S0. 

Sciclouiioff, F., Bcv. Med. Suisse Bom., 1940, 
60, 1243. 


criticized on the basis that non-diabetic 
dietary controls were not available for study. 
The mere fact that the diabetic patient re- 
sponds favorably to the administration of a 
vitamin does not necessarily indicate anything 
abnormal in the requirements or function of 
the vitamin but may simply reflect an in- 
adequacy of the dietary intake as in any other 
individual. The experimental evidence is 
also unsatisfactory. Several authors^^’^^““ 
have reported changes in the glucose tolerance, 
the blood sugar level, and the effectiveness of 
insulin when various vitamins were given to 
diabetic animals, but again the dietary con- 
trol has been usually inadequate. 

In a previous study from this laboratory-^ 
the thiamine requirement of the alloxan dia- 
betic rat was found to be approximately the 
same as the non-diabetic controls and ap- 
peared to be related, as in the normal animal, 

11 Mosonyi, J., aiul Aszodi, Z., Klin. Woch., 
1938, 17, 337. 

1- Sycleustricker, Y. P., Geeslin, L. E., and 
Woaver, J. W., J.A.M.A., 1939, 113, 2137. 

13 Neuwabl, F. J., Lancet, 1943, 2, 343. 

il Gottlebe, P., Zeit. f. Klin. Med., 1938, 133, 
739. 

13 Labbe, ^I., Nepveux, F., and Griugoire, J. D., 
Bull. Acad, de Med., 1933, 109, 689. 

mSehroeder, IL, Z. f. Gcs. Exp. Med., 1937, 
101, 373. 

w Stepp, W., Sebroeder, H., and Alteiiburger, 
E., Klin. Koch., 1935, 14, 933. 

15 Mosonyi, J., and Aszodi, Z., Klin. Wocli., 
1938, 17, 337. 

19 Aszodi. Z., and Mosonyi, J., Klin. Woch., 
1937, 16, 1214, 

20 Martin, R., Z. Physiol. Chem., 1937, •ZiS, 242. 

21 Tislowitz, R., Klin. Woch., 1937, 16, 226. 

•-:2 Magyar, I., Zeit. f. Gcs. Ejcp. .Med., 193S, 
104, 40o. 

23 Lowry, P. T., and lligsted, D. if., J. Lab. 
Clin. Hcd., 194j, 30, S39. 
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Pantothenol for Chicics 
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Fig. 1. 

A comparistu of the gain produced by panto- 
thciuc acid and pantotlicuol in chicks. The edua- 
tiou for the regression line for inintotlicnie acid is 
Y — Sii.SOX— 59.17, ^Ylu‘rc Y is gain and X is log 
dose in iiiilliequiva louts X 

day. The chicks were weighed every other 
day for 16 days. 

The mean gain of each group of 6 chicks is 
shown in Fig. 1 where the dosage is given as 
the log of the milliequivalents administered in 
order to compare the two materials upon a 
reasonable basis. It is apparent that the log 
dose-response curve is essentially linear (cal- 
culated from the individual gain of each 
chick) and that the line representing the 
standard calcium pantothenate is parallel to 
that for the pantothenol. The potency ratio 
may therefore be calculated as with other 

C^nrcl, K. H., The Biokigicul Shmd«rdi2rOK:n 
of the Vitumhis, London, BaiHicre, TinduH nnd 
Cox, 19B8, 

s Bliss. C. I.. .dfpp. jSioL 1035, 23, 139. 
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biological assays of thb type.**^ The distance 
between the lines in the X direction is i.932, 
the antilog of which is O.S57. Thus panto- 
thenol appears to yield 86% of the activity of 
pantothenic acid when compared upon an 
equivalent basis. Converting these figures 
into weights, pantothenol would appear to be 
about 91% as active as pantothenic acid, and 
equally as active as calcium pantothenate. 

The relative accuracy of this assay com- 
pared to other biological assays of this type 
may be seen by comparing the standard de- 
viation of the dose, s/b, with those tabulated 
by Bliss and Cat tell, where s is the standard 
deviation about the line and b is the slope. 
For the calcium pantothenate line these values 
are 17.14 and 85.18, respectively, and the 
ratio is 0.201. This value is reasonably small 
as compared to other vitamin assays. 

Summary. The chick assay for pantothenic 
acid, with the supplement administered daily 
by pipette, yields a reasonably straight log 
dose-response curve. 

Pantothenol was found to have 86% of the 
activity of pantothenic acid compared milli- 
equivalent for milliequivalent. Gram for 
gram it was 91% as active. 

We are indebted to Merck Co., ine., Bakwai, 
K J., Corn Industries Research Fuuudatioji, 

York City, and Shenield Farms Comp'^^L'V 
Xew Yurk City, for generous supplies of luateruds 
used in these studies. 

The pantothenol was supplied by Iluffmaiin-La- 
Koebe, Inc., Xuticy, X. d. 

C. I., and CatteU, M., Jnn. Jtev. F/ii/.sioL, 
1013, 5. 479. 
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be seen, the diabetic and non-diabetic animals 
developed the deficiency in the same period 
of time as indicated by the 3 criteria used, 
Le., loss of weight in 10 weeks, and the time 
required to show a loss in weight and reduc- 
tion of food intake to 505^? of the original 
intake. 

The therapeutic responses were difficult to 
compare because of the fact that the diabetic 
rats, whether deficient or. not, showed a re- 
duced rate of gain in comparison to the non- 
diabetic animals. In order to obviate this 
difficulty to the best of our ability, we have 
compared the diabetic and non-diabetic rats 
not to each other but to themselves prior to 
the development of the deficiency, or as the 
percent response caused by the dose of ribo- 
flavin. In Table II the “gain coefficient” is 
the ratio of the daily gain during the first 5 
days after the injection of riboflavin to the 
daily gain of the animal during the first 21 
days of the 5tud3'' before riboflavin became a 
limiting factor. As may be seen, the diabetic 
animals showed only slightly larger relative 
gains in 2 of the test periods, but in no in- 
stance were they significantly different from 
the non-diabetic animals. The percentage 
increase in weight was not significantly dif- 
ferent at the 160 and 40 meg levels of ribo- 
flavin, but at 80 meg the non-diabetic rats 
gave significantlj’^ greater gains. 

Because of the immediate large increase in 
food and water intake following the adminis- 
tration of riboflavin to the diabetic animals, 
it appeared desirable to study the response 
during the first day and the subsequent 4 
days as sho^\^l in Table II. The increase in 
food and water intake was greater in the 
diabetic group than in the non-diabetic group 
in several periods although in one period the 
control group showed a significantly greater 
food intake and somewhat larger water in- 
take. It is doubtful if this is of real signifi- 
cance since as the deficiency develops and 
appetite fails, the urinarj’^^ sugar of diabetic 
animals falls to low and nearly normal levels. 
When riboflavin is given the animals revert 
to their prior state in which sugar and water 
output are much above normal levels. 

The increase in riboflavin excretion in the 
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RiBOFtAviN Requirements of Diabetic Rats 


TABLE I. 


Comparison of the Bate of Development of Biboflavin Deficiency in Diabetic and Ron- 

diabetic Hats. 



Loss of maximum 

Time to reduce food 

Time before wt 


wt in 10 wk, 

intake to 50%; 

loss began. 

Group 

% 

weeks 

days 

Diabetic 

20.8 -i- 1.5* 

S.2 - 4 - 0.77* 

33.3 ± 3.74* 

Roa-diabetic 

20.9 ± 5.7 

8.0 ± 1.0 

32.0 ± 3.S 


* Mean :±_ standard deviation. 


with the amount of glucose metabolised. 

The present study represents an attempt to 
determine whether the ribodavin requirements 
of the rat are alYected by alloxan diabetes. 
This appeared worthy of study since (a) the 
•proportion of fat, protein and carbohydrate 
metabolised is changed during diabetes and 
this may affect the riboflavin require- 
(b) the development of cataracts 
is common in the diabetic and in ribo- 

flavin deficient rats in some laboratories, 
and (c) the marked diuresis during the course 
of alloxan diabetes might influence the rate 
of excretion of the water soluble vitamins es- 
pecially - after the parenteral administration 
of relatively large amounts of these vitamins. 

Experimental, Twenty-six young female 
rats weighing between 90 and HO g were 
divided into two main groups. The first group 
of 14 animals was rendered severely diabetic 
by the intravenous administration of 50 mg 
alloxan monohydrate per kilo body weight. 
Five of these animals were used as diabetic 
controls and were given an ordinary purified 

24 Dnna, K., Siugher, H. 0., Kensler, C. J., 
Taylor, H. C., and BKoads, C. P., Proc. Soc. Exp. 
Bion. AND Med., 1044, 55, 254. 

25Saretfc, H. P., Kleiu, J* B., and PexJzweig, 
W. A., J. Kutrition, 1942, 24, 295. 

2CMajmering, G. J., Liptou, M. A., and Elveli- 
iem, G. A.. Proc, Soc. Exp. Biol, and Med., 1941, 
40, 100. 

27 Bailey, C. 0., Bailey, O. T., and Leech, B. S., 
New 1944, 200, 533. 

2SpogUa, V. G., and Cramer, P. K., Proc. Soc, 
Exp. Biol, and Med., 1944, 55, 21 S. 

20 O’Brien, C. S., Arch, OphthaL, 1932, 8, 8S0. 

30 Baum, H. M., Miehaeirce, J. T, and Brown, 
E. B., Science, 1942, 95, 24. 

3iBessey, 0. A., and V>'olbiu*h, S. B., Exp. 
Ucd, 1939, 09, 1. 

32 Biggs, T. B., and Hegsted, D. M., J, Bioh 
Ghenu, 194S, lltS, 539. 


diet.^^ The remainder of the diabetic rats 
received the same diet except that the ribo- 
flavin supplement was omitted. Twelve non- 
diabetic rats on the same riboflavin deficient 
diet were used as controls. 

All rats were kept in individual cages and 
food and water given ad libitum. Daily rec- 
ords of weight, food, and water intake were 
kept and 3 -day urine samples were collected 
through the whole experimental period and 
analyzed for glucose, using the method of 
Somogyi.^^ 

After the animals had become deficient, as 
indicated by their weight, they were injected 
with therapeutic doses of riboflavin. The 
growth response, change in food and water 
intake and urinary sugar, and excretion of 
riboflavin in the urine were studied. Urinary 
riboflavin was determined by a slight modi- 
fication of the fluoronietric method of Fer- 
rebee^^ using the permanganate, sodium 
hydrosulfite procedure. 

When the animals again began to lose 
weight after the therapeutic test, they were ail 
injected with another dose of riboflavin. 
Three tests were thus obtained with each 
animal. The first dose of 160 meg of ribo- 
flavin per 100 g bod}^ weight was given on the 
70th day of the experiment. The second dose 
of 80 meg per 100 g body weight was given 
3 iveeks later and the final dose of 40 meg 
was given 16 days after the second. The 
urinary riboflavin during the 6 days prior to 
riboflavin injections ranged from 2,2 to 3,2 
meg per day per rat in both the diabetic and 
the non-diabetic rats. 

Results, Table I indicates the data ob- 
tained during the depletion 
33Somogyi, M., J, Lti5. CUn, 2Ied., 1941, 

1220. 

3iFerrebee, J. W., d Clm Invest,, 1940, tt}^ 
251. 
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following 50 sites: testis, tunic, cord exten- 
sion, opposite testicle, cord or tunic, retro- 
peritoneal space, bladder, L. perirenal space, 
L. kidne}’', R. perirenal area, R. kidney, R. 
adrenal, L. adrenal, parietal peritoneum, 
serosa, omentum and ligaments, intestines, 
spleen, stomach, liver, pancreas, diaphragm, 
post-mediastinum, sup. med. and thymus, 
pleura, lungs, pericardium, heart, ant. cervi- 
cal region, thyroid, parathyroids, muscle of 
tongue, muscle of mastication, mandible, teeth 
(mouth), eyes, pericranium, brain, hypophy- 
sis, nose and sinuses, post cerv. region, inter- 
scapular space, muscle of scapulae, muscle of 
thorax and abdo., skin of thorax and abdo., 
subcut. tissue thorax and abdo., muscle ant. 
portion of thigh, lower ends of femora, upper 
ends of tibiae, spinal canal. Paralyzed ani- 
mals or animals with perforating eye meta- 
stases were killed and the day of death listed 
as the time of occurrence of the paralysis or 
perforation. 

Results, Among the 42 New Zealand white 
rabbits inoculated intratesticularly there were 
at the end of a 60-day observation period, 37 
with primary tumors which had not regressed 
(88%), 39 with metastases (93%), and 26 
which had died from tumor metastases (mor- 
tality 62%). The metastatic foci averaged 
13.4 (sites) per animal with metastases, 12.3 
(sites) per animal with tumor at necropsy, 
and 11.4 (sites) per animal inoculated (Var. 
mean = 2.1). The primary tumors averaged 
by water displacement at necropsy 16.2 cc per 
animal with primary tumor, 16.2 cc per ani- 
mal with tumor, and 15.0 cc per animal inocu- 
lated. The metastatic tumor averaged 105.6 
cc by water displacement at necropsy per 
animal with metastases, 97.4 cc per animal 
with tumor and 90.5 cc per animal inoculated. 

Among the 66 New Zealand white rabbits 
inoculated subcutaneously there were -at the 
end of the 60-day observation period 31 with 
primary tumor which had not regressed 
(47%?), 33 with metastases (50%), and 9 
which had died from the effects of tumor 
metastases (mortality 13%). The .meta- 
static foci averaged 8.2 (sites) per animal 
with metastases, 6.4 (sites) per animal with 
tumor, and 3.2 (sites) per animal inoculated 
(Var. mean = 0.59). The primary tumors 


averaged by water displacement at necropsy 
48.6 cc per animal with primary tumor, 43.7 
cc per animal with tumor at necropsy, and 
22.8 cc per animal inoculated. The meta- 
static tumor averaged by water displacement 
at necropsy 33.2 cc per animal with meta- 
stases, 26.1 cc per animal with tumor, and 
13,1 cc per animal inoculated. 

Each of the above listed differences be- 
tween the course of tumor after transplanta- 
tion by the subcutaneous and by the intra- 
testicular routes was statistically significant,^ 
For instance, the difference in the mortality of 
13% and 62% was significant (X~ = 25.1, 
X = 1, P =: 0.0001 — ), and in the number 
of metastatic foci per animal inoculated of 
11.4 and 3.2 '(diff. = 8.2 dr 1.64; t = 5.0; 
P = 0.0001—). 

Generally, the two best criteria for this 
neoplasm are the mortality from the tumor in 



Brown Pearce tumor in New Zealand 
white rabbits 
Fig. 2. 


3 Fisher, E. A., Statistical Methods for Research 
Workers, 103S, / ed., Oliver and Boyd, London. 
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urine abov^e the level prior to riboflavin in- 
jection was in no instance significantly dif- 
ferent in the diabetic and non-diabetic groups. 
It seems apparent that the large urinary vol- 
ume in the diabetic animals do not ^Svash out^^ 
riboflavin to a significant degree, if at all. 
Attempts to find a significant correlation be- 
tween the amount of riboflavin retained and 
food intake, water intake, gain after dosage 
with riboflavin, or loss of body weight during 
the depletion period were unsuccessful. 

All diabetic animals including those which 
received riboflavin developed cataracts after 
55 to 65 days while none of the non-diabetic 
riboflavin-deficient animals developed cata- 
racts during the 1 10 days of the study. 


CoHclusioH, Studies upon the rate of de- 
velopment of riboflavin deficiency and the re- 
sponse to therapeutic doses of riboflavin, after 
the development of the deficiency syndrome, 
failed to show any significant difference in the 
riboflavin requirement of the alloxan diabetic 
and the non-diabetic rat. Similarly, ribo- 
flavin deficiency was apparently without ef- 
fect upon the development of cataracts in the 
diabetic animals. 

We ure indebted to Alercic & Co,, Rahwjiy, Xr X, 
Coni Industries Kesearcli Foundation, Xew York 
City, and Sheffield Farms Company, Inc*,, Xcw 
York City, for generous supplies of materials 
used in these studies. 
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Intratesticular Versus Subcutaneous Transplantation of Brown-Pearce 
Tumor in New Zealand Whites. 

Aibert E. Casey, Lucille jMeyers and George R. Drvsdale.* 

From the Departments of Patholoffp, Birmingham Baptist HospitalSf Birniingham, Ala., and 
Louisiana State University, School of 2£c<Jicine, Few Orleans, La. 


Published data^ on the susceptibility of 
various rabbit breeds to the Brown-Pearce 
tumor failed to include the breed most readily 
procurable on the open market, namely, the 
New Zealand White. During the past sev- 
eral years 108 New Zealand white male rab- 
bits have been used as controls or stock ani- 
mals in experiments with the Brown-Pearce 
tumor, 42 being, inoculated intratesticularly 
and 66 subcutaneously. 

Materials and methods. The 66 animals 
inoculated subcutaneously belonged to 16 dif- 
ferent groups distributed throughout the year 
as follows: January 24 (1), March 6 (2), 
March 20 (3), May 22 (5), June 23 (8), 
June 24 (8), July 24 (9), August 11 (4), 
September 6 (10), October 9 (8), October 
31 (3), November 15 (2), December 13 (1), 
and December 30 (2). 

■* The work was aided by a grant through the 
Committee on Growth, of TJie National Research 
Council, Acting for The American Cancer Society. 

1 Casey, Albert E., Jm. X Cancer, 1037. 21. 4IG. 


The 42 animals inoculated intratesticularly 
belonged to 16 groups distributed as follows: 
January 24 (1), February 28 (6), June 9 (1), 
June 23 (1), July 17 (1), August 3 (4), 
August 30 (2), September 16 (1), September 
24 (3), October 16 (2), November 9 (3), 
November 20 (1), November 22 (3). 

The 7 animals comprising the two groups 
inoculated subcutaneous!}’' August 11 and 
October 31 were 3 months of age, others in- 
oculated subcutaneously and all of those in- 
oculated intratesticularly were animals of 
4-12 months of age. Animals inoculated sub- 
cutaneously and those inoculated intratesticu- 
larly were obtained in almost equal propor- 
tions from the same breeders or dealers w 
Alabama, Louisiana, Illinois, Virginia and 
Pennsylvania. 

As in the earlier studies, • a metastatic 
focus was defined as the presence of one or 
more tumor nodules at necrops}^ in any of the 

2 Casey, Albert E., Am. J. Cancer, -L 

7C0; 1930, 20, 270. 
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following 50 sites: testis, tunic, cord exten- 
sion, opposite testicle, cord or tunic, retro- 
peritoneal space, bladder, L. perirenal space, 
L. kidney, R. perirenal area, R. kidney, R. 
adrenal, L. adrenal, parietal peritoneum, 
serosa, omentum and ligaments, intestines, 
spleen, stomach, liver, pancreas, diaphragm, 
post-mediastinum, sup. med. and thymus, 
pleura, lungs, pericardium, heart, ant. cervi- 
cal region, thyroid, parath^nroids, muscle of 
tongue, muscle of mastication, mandible, teeth 
(mouth), eyes, pericranium, brain, hypophy- 
sis, nose and sinuses, post cerv. region, inter- 
scapular space, muscle of scapulae, muscle of 
thorax and abdo., skin of thorax and abdo., 
subcut. tissue thorax and abdo., muscle ant. 
portion of thigh, lower ends of femora, upper 
ends of tibiae, spinal canal. Paralyzed ani- 
mals or animals with perforating eye meta- 
stases were killed and the day of death listed 
as the time of occurrence of the paralysis or 
perforation. 

Results. Among the 42 New Zealand white 
rabbits inoculated intratesticularly there were 
at the end of a 60-day observ^ation period, 37 
with primary tumors which had not regressed 
(88%), 39 with metastases (93%), and 26 
which had died from tumor metastases (mor- 
tality 62%). The metastatic foci averaged 
13.4 (sites) per animal with metastases, 12.3 
(sites) per animal with tumor at necropsy, 
and 11.4 (sites) per animal inoculated (Var. 
mean = 2.1). The primary tumors averaged 
by water displacement at necropsy 16.2 cc per 
animal with primary tumor, 16.2 cc per ani- 
mal with tumor, and 15.0 cc per animal inocu- 
lated. The metastatic tumor averaged 105.6 
cc by water displacement at necropsy per 
animal with metastases, 97.4 cc per animal 
with tumor and 90.5 cc per animal inoculated. 

Among the 66 Xew Zealand ^vhite rabbits 
inoculated subcutaneously there were -at the 
end of the 60-day observation period 31 with 
primary tumor which had not regressed 
(47%), 33 with metastases (50%), and 9 
which had died from the effects of tumor 
met^tases (mortality 13%). The meta- 
static foci averaged 8.2 (sites) per animal 
with metastases, 6.4 (sites) per animal with 
tumor, and 3.2 (sites) per animal inoculated 
(Var. mean = 0.59). The primary tumors 


averaged by water displacement at necropsy 
48.6 cc per animal with primary tumor, 45J 
cc per animal with tumor at necropsy, and 
22,8 cc per animal inoculated. The meta- 
static tumor averaged by water displacement 
at necrops}^ 33.2 cc per animal with meta- 
stases, 26.1 cc per animal with tumor, and 
13.1 cc per animal inoculated. 

Each of the above listed differences be- 
tween the course of tumor after transplanta- 
tion by the subcutaneous and by the intra- 
testicular routes was statistically significant.^ 
For instance, the difference in the mortality of 
13% and 62% was significant (X- = 25.1, 
X = 1, P =: 0.0001 — ), and in the number 
of metastatic foci per animal inoculated of 
11.4 and 3.2 '(diff. = 8.2 dr 1.64; t = 5.0; 
P = 0.0001—). 

Generally, the two best criteria for this 
neoplasm are the mortality from the tumor in 



D:ivs after tumor iuoeulation 
Fig. 1. 


A - mm^svcuuR 
^ B - SUBCUTANCOUS 



Browu Pearce tumor in New Zealand 
wliitc rabbits 
Fig. 2 . 


3 Fisher, R. A., Statistical iletliods for Research 
Workers, 193S, 7 ed., Oliver and Boyd, London. 
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days after inoculation, and the number of 
metastatic foci determined by careful ne- 
cropsy and confirmed by microscopic sec- 
tions.- These values are shown in Fig. 1 
and 2, 

DlscussW7i, The total primary and meta- 
static tumor per animal with metastases was 
82 cc per animal inoculated subcutaneously, 
and 122 cc per animal inoculated intratesticu- 
larly; or an average per metastatic focus of 
8.9 cc (for the 9.2 primary and metastatic 
foci) in the former, and 8.4 cc (for the 14.4 
primary and metastatic foci) in the latter. 
It is obvious that the average rate of growth 
of the tumor was approximately the same in 
any given site. Under the skjn the primary 
tumor grew larger as there was abundant area 
to expand. In the testis the growth was con- 
fined and spread up the cords to the perirenal 
areas, retroperitoneal space and peritoneal 
cavity by simple extension. It has been 
proven that the pattern of local spread is de- 
termined by the site of injection of this tu- 
mor;"^ also the pattern of the distant meta- 
stases in the Brown-Pearce and in other 
tumors is not altered or affected by the site 
origin of the primary tumor^ nor by the breed 
of rabbit employed.^ 

The differences between the subcutaneous 
and the intratesticular routes were not due to 
the season of the year in which the animals 
were inoculated.^ The rabbits inoculated dur- 
ing October, November, December, January, 
February and March averaged 12.2 meta- 
static foci among the 16 rabbits transplanted 
intratesticularly and 4.68 foci among the 22 
transplanted subcutaneously; the rabbits in- 
oculated during May, June, July, August and 
September averaged 10.9 metastatic foci for 
the 21 rabbits transplanted intratesticularly 

4 Casey f Albert E., ftntl Pearson, Bjanie, Phoc. 
Soc. Exp. Biol, and Med., 1939, 40, 234. 

5 Casey, Albert E., Proc. vSoc. Exp. Biol, and 
Med., 1939, 40, 223. 

CBro^^'n, Wade H., Pearce, Louise, aud Van 
Alleu, C. M., Pkoc. Soc. Exp. Biol, axd Med., 
1924, 21, 371; Pearce, Louise, and Van Alien, 

C. M., Proc. Soc. Exp. Biol, and Med., 1925, 22, 
448; J- Eji?. McJ., 1927, 45, 4S3; Pearce, Louise, 
and Wade' H., J. Exjk Mrd., 1927, 45, 727. 


and 2.48 metastatic foci for the 44 rabbits 
transplanted subcutaneously. Nor were the 
differences due to age since the elimination of 
the 7 animals 3 months of age did not appre- 
ciably affect the mean number of metastatic 
foci or the mortality. 

The possibility was considered that the 
New Zealand IVhites obtained from such 
widely separated areas as Pennsylvania, 
Illinois, and Alabama might represent stock 
variations. Such stock variations undoubt- 
edly did occur but the animals injected by the 
two routes were obtained in roughly propor- 
tioned numbers from the various areas. 
Furthermore, Havana, Himalayana, and 
Flemish stock obtained also from dealers in 
the various states have given almost the same 
data on mortality and metastatic foci as was 
obtained from inbred lines some 15 years 
ago.^ It still remains true that no Havana 
rabbit has died from the Brown-Pearce tumor, 
although metastases have occasionally been 
noted. Approximately 30% of all animals 
(including all breeds and hybrids) inoculated 
subcutaneously have died from metastases 
within a 2-3 months observation period. This 
may explain a variety of results reported by 
various authors trying to produce immunity 
by the subcutaneous route. Nozu was the 
first to observe metastases of the Brown- 
Pearce tumor by intracutaneous inoculation 
alone* and Casey induced metastases by the 
intracutaneous route using the Browm-Pearce 
XYZ factor.^ 

Brown and Pearce noted the marked ten- 
dency to metastasis following intratesticular 
inoculation of the rabbit tumor and an ab- 
sence of metastasis following intra- and sub- 
cutaneous inoculation.*^ Pearce and Brown 
were the first to point out that rabbits inocu- 
lated with the Brown-Pearce tumor intra- or 
subcutaneously or intramuscularly ‘‘developed 
an immunity which was sufficient to protect 
them from subsequent inoculation by the 
same route or from inoculation made into the 

< Nozu, y., Acid denmiLf 1933, 20, OIL 
^ Casey, Albert E., Anu •/. Cancer^ 1934, 21, 
77G. 

D Brown, Wade H., and Pearee, 

Med,, 1923. BT, 799. 
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testides.”^^’ Their observations were con- ^or this same breed following subcutaneous 
armed by Casey^ and by Besredka, Mazat, inoculation or for common hybrids by intra- y 
Besnard, Gross, Bardach, Laval/^ Saphir, /testicular inoculation as reported by Brown 
Appel, Strauss, Cheever, and Janeway A? / and Pearce^'^® and by Malluche 
Besredka and Gross reported that this im/ Summary and conclusions. Standard val- 
munity could be produced only by the tumor ues were compiled for the Brown-Pearce 
cells and that it could not be induced by the tumor in New Zealand white male rabbits. 


intracutaneous inoculation of normal tissues 
In Fig. 1 it will be seen that the New Zealand 
white rabbit shows no evidence of developing 
at about 40 days an immunity or resistance 
following intratesticular inoculation as is true 

10 Pearce, Louise, aud Brown, AYade H., J. 'Exp. 
Sled., 1923, 37, 811. 

11 Besredka, A., Mazat, I., ajid Besnard, P., 

Comp, rend. Acad. d. sc., 1935, 201, 170; Gross, 
L., Am. J. Cancetj 1937, 31, 609; Besredka, A., 
and Bardack, Comp. rend. Acad. d. sc.., 1936, 
203, 2193; Besredka, A., Cancer BriixcUcs, 1935, 
12, 115; Besredka, A., Jtazat, 1., Laval, P., and 
Besnard, P., Inst. Pasteur, 1936, 30, 125; 

Besredka, A., and Gross, L., Jan. Inst. Pa.^tenr, 
1936, 57, 342; 193S, CO, 5, 465; 1939, 02, 253. 

1- Saphir, O., and Appel, M., ^Ini. J. Cancer, 
1940, 38, 55; Sa 2 )hir, 0., Apjjel, M., and Strauss, 
A. A., Cancer Bcscarch, 1941, 1, 545. 

13 Cheever, P, S., aud Jaueway, C. A., Cancer 
Ilcscarch, 1941, 1, 23. 


42 being inoculated intratesticularly and 66 
subcutaneously. The breed was highly re- 
sistant to subcutaneous inoculation, (mortal- 
ity, 13.6%; metastatic foci, 3.2; metastatic 
tumor 13,1 cc per animal inoculated) and sus- 
ceptible to intratesticular inoculation (mor- 
talitjr 62.7%, metastatic foci 11.4 and meta- 
static tumor 90.5 cc per animal inoculated). 
Between 40 and 60 days after intratesticular 
inoculation the mortality curve continued to 
rise at about the same rate as between 20 and 
40 days. This was in contrast to the immune 
or resistance reaction ivhich seemed to set in 
between 40 and 60 days following subcuta- 
neous inoculation of this breed, or following 
intratesticular inoculation of most other 
breeds. 

Malluehe, H., Beitr. Z. J:lin. Chir., 1938, 167, 

481. 
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Selective Blocking of Host Resistance to Malignant Neoplasm (Brown- 
Pearce Tumor in New Zealand White Rabbits). 


Albert E. Casev, Lucille ^Meyers, and George R. Drysdale.* 

Prom the Departments of Pathology, Birmingham Baptist Sospitals, Birmingham, Ala., and 
Louisiana State University, School of Medicine, Xew OrleanSf La. 


In the preceding paper^ it was reported 
that the New Zealand White rabbit is highly 
susceptible following intratesticular and high- 
ly resistant following subcutaneous trans- 
plantation of the Brown-Pearce tumor. In 
the mortality curv^e an immune or resistance 

* The work wajj aided by a grant from the Com- 
mittee on Growth of the National Besearvh Coun- 
cil, acting for the American Cancer Society. 

1 Ciisey, Albert E., ^fevers, L,, and Drysdale, 
George R., Proc. Soc. Exp. Biol, akd Z^Ied., 1948, 
61), 576. 


reaction could be detected at about 40-60 
days following subcutaneous inoculation but 
little or none following intratesticular inocu- 
lation of the tumor. The present experiments 
were designed to test the extent to which the 
XYZ factor^' might overcome this immune or 
resistance reaction of the New Zealand white 
to this tumor following subcutaneous inocu- 
lation. 

-Casey, Albert E., Pboc. Soc. Exp. Bjol. and 
A[ed., 1932, 20, 816; Am. J. Cancer, 1934, 21, 
760; 1936, 20, 276; 1939, 35, 354. 
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TABLE I. 

Preparation of and Injection Interval for SYZ Pactor from Browii-Pearce Tumor (134 Xew 
Zealand Whites). 


Preiwration , Injection YTZ Animals inoculated 

, i V Brown-i’carce tumor 

Storage; Dosage, Interval, , , 


Exp. 

Temp. 

days 

Covering 

Site 

ff 

days 

Exp. 

CowtroU 

1, a. 


15 

Paraffin 

s.a 

0.0001 

19 

4 S.C. 

4S.C. 

b. 

24 * ^ 

15 

ff 

7 7 

0.01 

19 

5 

5 

c. 

24 

15 

) » 

7 7 

1.0 

19 

7 

7 

2. a. 

34 

25 

Glycerin 

7 7 

0.0001 

10 

2 

O 77 

b. 

34 

25 

J 7 

7 7 

0.01 

16 

3 

3 

e* 

34 

25 

7 ) 

77 

1.0 

16 

3 

5 

3. 

22^0 

30^ 

ISTone 

>> 

0.02 

15 

D 

8 

4. 

22 

30^ 

} 7 

M 

0.02 

16 

5 

S 

5. a. 


244 

Glycerin 

I.T. 

0.1 

11 

3 ) 

4 

b. 

0 

244 


77 

(0.1)2 

11 

4 - 1 

4 »» 

6. a. 

0 

29G 

7 7 

77 

0.1 

11 

4 ) 

4 ” 

b 

0 

296 

7 7 

7 > 

(0.1)2 

11 

4 » 1 

4 

7. 

0 

51 

Konc 

s.c. 

0.1 

21 

1 

O 77 




Subtotal 

(Subcutaneous) 


54 

52 

1, 

18 »» 

14 

Paraffin 

LT. 

0.1 

14 

5 1.T. 

8 I.T. 

2. 

18 

10 

7 7 

77 

0.1 

10 

6 

9 




Subtotal i 

flntratestienlar) 


11 

ir 




Total subcutaneous and intratesticular 

65 

69 


Material and Methods. There were 13 
experiments involving 106 New Zealand white 
rabbits inoculated subcutaneously and several 
experiments involving 28 New Zealand white 
rabbits inoculated intratesticularly. In the 
former 52 controls and 54 experimental ani- 
mals were inoculated subcutaneously with 
0.2 to 0.3 cc of an emulsion of tumor tissue, 
and in the latter 17 controls (including 6 
stock animals) and 11 experimental animals 
inoculated intratesticularly with a similar 
dosage. 

The XYZ material consisted of aseptically 
removed Brown-Pearce tumor (from 7 differ- 
ent animals) covered with paraffin, or layered 
with 50% glycerine in normal saline, or even 
left in a sterile container uncovered. The 
tumor tissue was refrigerated at 24°-34' F 
for 15-25 days (always covered with paraffin 
or glycerin at these temperatures), or at 0° F 
or lower for periods up to 300 days (Table p. 
Immediately after removal from the ice 
chamber amounts of the refrigerated tumor 
tissue (in the equivalent of O.OOOl to 1.0 g) 


were emulsified in normal saline and given as 
a single injection (see exceptions below) sub- 
cutaneously or intratesticularly 11-21 days 
prior to subcutaneous or intratesticular trans- 
plantation of the Brown-Pearce tumor (Table 
I). One group (in Experiments 5 and 6) 
was injected twice with XYZ material after 
a week’s interval. The variations in the 
dosage of the frozen material seemed not to 
be significant.^ About half of the animals 
were obtained directly from the breeder and 
it was often possible to divide them so that 
one litter mate would be in the e.xperimental 
and one in the control group. In any event 
the controls and experimental animals were 
matched according to breed and weight before 
beginning the experiments with equal numbers 
in each. About 10% of both experimental 
and control animals died from intercurrent 
disease, and were eliminated, thus accounting 
for the unequal groups ( Fable I)- FJie e.x- 

3 Casey, Albert E., Canerr Rcsorfh. 1941, 1, 
134. 
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TABLE n. . ^ , 

Browu-Pearce Tumor in Xew Zealand Wliite Babbits as Influenced by the Prior Injection of the 
Broivn-Pearce XYZ Factor (Subcutaneous Transplantation of Tumor). 


Non-regressed Died from m * i 

tumor, necropsy Metastases metastases Total 

Animals 7© Animals Animals animals 

XYZ 
Controls 
Chi square 
Prob. 

39 (72) 35 (65) 25 

24 (46) 17 (33) 4 

9.7 10.9 19.9 

0.01 sig. 0.01 sig. 0.01 

(46) 54 

( 8) 52 

sig. 


Metastatic Foci (or Sites) per Animal. 



Inoculated 

With tumor . 

With metastases 


Mean Variance 

Mean Variance 

Mean Variance 

XYZ 

8.0 1.6 

11,1 2.3 

12.4 2.4 

Controls 

2.6 0.6 

5.6 2.4 

7.9 3.7 

Diff. 

5.4 :+; 1.5 

5.0 ± 2.2 

4,5 ±: 2.5 

Prob. 

0.01 sig. 

0.01 sig. 

0.07 


Volume of the Metastases per Animal. 



Inoculated 

With tumor 

With metastases 


Mean, cc Variance 

Mean, cc Variance 

Mean, cc Variance 

XYZ 

38.7 55.9 

53.6 88.4 

59.8 99.5 

Controls 

11.2 25.1 

24.3 ' 106.8 

34.4 195.2 

Diff. 

27.5 ± 9-0 cc 

29.3 It 13.9 cc 

25.4 17.1 cc 

Prob. 

0.01 sig. 

0.03 prob. sig. 

0.15 


Volume of Primary and Metastatic Tumor per Animal. 


Inoculated 

With tumor 



Mean, cc Variance 

Mean, cc Variance 


XYZ 

60.4 135.9 

83.6 214.4 


Controls 

17.8 53.7 

38.5 223.3 


Diff. 

42.6 ± 13.8 cc 

45.1 ± 20.9 cc 


Prob. 

0.01 sig. 

0.03 prob. sig. 



TABLE III. 


BrowTi-Pearce Tumor in New Zealand "White Eahbits as Influenced by the Prior Injection of 
the Brown>Pearce XYZ Factor (Intratesticular Transplantation of Tumor), 



Non-regressed 
tumor, necropsy 

Incidence of 
metastases 

Died from 
metastases 

Total 

inoculated 


XYZ Controls 

XYZ Controls 

XYZ Controls 

XYZ 

Controls 

^Vnimals 

Percent 

11 16 

(100) (94) 

11 10 

(100) (94) 

11 11 

(100) (05) 

11 

(100) 

17 

(100) 


Metastatic 
foci (sites) 

Volume of 
metastases, ce 

Total tumor 
primary and 
metastatic, cc 



Per animal 
inoculated 

23.5 13.7 

diff.«9.S 3.0 

f Q O 

P = 67oi— sig. 

170,3 53.8 

diff. 110.5 d: 22.1 
t = 5 

P = 0.01 — sig. 

189.4 73.3 

diff. 116.1 -f- 19.0 
t = 6.0 

P 0.01 — sig. 

11 

17 

Per animal 
with tumor 

23.5 14.0 

diff. S.9 -K 2.3 
t = 3.S7 

P =: 0.01 — sig. 

170.3 57.3 

diff. 113.0 ± 23.6 
t=r 4.8 

P — 0.01 — sig. 

189.4 77.9 

diff. 111.5 ± 25.1 
t = 4.4 

P = 0.01— sig. 

11 

16 


perimental and control animals of two groups age. .All except one were males (the exception 
were only 3 months of age at the time of was among the 54 XYZ animals inoculated 
inoculation; the others were 4-12 months of subcutaneously). 
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Days after inoculation 
(Subcutaneous), 
Fig. 1. 



Days After Inoculation. 
Fig. 3. 


to 

S 


< 5 
o CO 




XYZ Factor on E-P Tumor 
in NZW Rabbits. 



roci ficmrAifs total tuhoh 


XYZ Factor on B-P Tumor 
in NZW Rabbits. 

Fig. 2. 


Both the control and experimental animals 
in each group were transplanted with the same 
emulsion and dosage of Brown-Pearce tumor. 
The animals were observed at weekly intervals 
and surviving animals sacrificed at 50 to 90 
days. Careful necropsies according to a plan 
described in the preceding paper, were checked 
in each instance by the preparation of slides 
for microscopic examination. The size of the 
primary and metastatic tumor was measured 
at necropsy by water displacement. 

Results. Among the 54 XYZ animals in- 



Foei Metastases' 

Fig. 4. 

oculated subcutaneously and the II XYZ 
animals inoculated intratesticularly with the 
Brown-Pearce tumor there was a greater inci- 
dence of and larger primary tumors, a greater 
incidence and volume of, and more numerous 
metastases and a greater mortality from the 
tumor in a shorter interval after inoculation 
than among their respective controls (52 
controls were inoculated subcutaneously and 
17 intratesticularly. Tables II and III, Fig. 
1, 2, 3 and 4). Each of the differences was 
statistically significant for the groups inocu- 
lated subcutaneously and for those inoculated 
intratesticularly with two exceptions. The 
exceptions relate to the intratesticular inocula- 
tion in that 16 of the 17 controls (94%) bad 
non-regressed primary tumor and metastases 
at necropsy, as compared with 11 (100%) 
among the XYZ injected animals. This 
afforded no opportunity to show a statistically 
significant XYZ effect. 

Discussio)!. The production of a state of 






Selective Blocking of Host Resistance 


583 


hypersusceptibility to tumor transplantation 
has been, during the past fifty years, fraught 
with great difficulties. The only recorded 
instance %vhere published observations could 
be confirmed by other workers was the demon- 
stration by Haaland,^ by Leitch/"^ and by 
Casey^ that such a state could be produced 
in the mouse using Bashford carcinoma 63. 
Sterile Bashford carcinoma 63 tissue was 
frozen and preserved anaerobically in the 
frozen state for 10-21 days. An emulsion of 
the frozen tumor tissue, no longer capable 
of growTh, was injected subcutaneously into 
mice 10-21 days before subcutaneous trans- 
plantation of the same tumor. The animals 
so injected grew larger primary tumors than 
their controls not so injected. Some 200 
control and 200 experimental animals were 
employed by the three authors. No meta- 
Stases were observed and no further observa- 
tions have been recorded. 

Casey- w'as the first to demonstrate that 
similarly frozen and anaerobically preserved 
Brown-Pearce tumor tissue, no longer capable 
of growth, would when injected ( 1 .0 to 0.0001 
g) prior to tumor transplantation result not 
only in a greater incidence of and larger 
primary tumors but also in a greater incidence, 
number and volume of the metastases and in 
a greater mortality from the tumor in a shorter 
interval after transplantation than in control 
animals not so injected. The factor respon- 
sible was thermolabile** probably specific for 
the Brown-Pearce tumor ( homologous) 
filtrable through a Berkefeld '‘V’’ filter, dif- 
fered from the Duran-Reynals spreading factor 
and effective even when injected into animals 
carrying the tumor. Because the phenomenon 
had no known counterpart in biology and the 
nature of the factor was unknown, the name 

Ilaaland, M., Froc, Hoy, S'oc. Lonthnu 1910, 
82, 293; Uincet, 1910, 1, 7S7. 

SLctieb, A., tancct, 1910, 1, 991. 

Casey, Albert E., Proc. f^oc. Exr. BioL. axd 
Med.. 1933, 30, 074. 

7 Casey, Albert E., and MoraguesGonzales, 
Vincent, Jm, J. Cancer, 1940, 38, 59. 

S Casey, Albert E,, Proc. Soc. Exp. Biol, .vnd 
Med.. 1933, 30, 1025; 1934, 31, 663; 1939. 42, 
731. 



29 23 36 -iO 40 « 56 64 

Days After Tumor Transplantation 
(Intratestieular). 

Fig. o. 

w^as given. Our total experience to 
date with the unaltered Brown-Pearce XYZ 
factor (including the present data) consists 
of 14 experiments involving 74 XYZ and 78 
control animals in which the material was 
injected 10-21 days prior to intratestieular 
inoculation of this tumor, and 11 experiments 
involving S4 XYZ and 79 control animals 
inoculated subcutaneously. In each one of 
the 25 experiments during a 17 year period 
was the XYZ effect observed. • The mortality 
cur\^es for the groups inoculated intratesti- 
cularly w’ere calculated first for the period up 
to 40 days and secondly for the period of 
40-61 days after tumor transplantation and 
are presented (Fig. 5). The separation of 
mortality into the two periods was affected 
because the host factors influencing the first 
40 days seem to differ from the host factors 
influencing the course of the tumor 40 to 
60 days.*^^*^- The animal breeds used varied 
widely but were always matched between 
controls and experimental animals; the con- 
sistency of the results bears this out. 

Animals of average resistance to this neo- 


9 Casey, Albert E., Proc. Soc. Exp. Biol, and 
Med., 1936, 34, 111. 

lOMalluche, H., Beiir, Z. 7:lin, Chin, 193S, 167, 
4S1. 

n Ividd, Jolm G., Proc. Soc. Exp. Biol, and 
Med., 193S, 38, 292; J. Bxp, Med,, 1946, SS, 227. 

w Casey, Albert E., and Drysdale, George R., 
Cancer Research, 1947, 7, 72S. 

13 Casey, Albert E., Proc. Soc. Exp. Biol, axd 
Med., 1934, 31, 666. 
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plasm (controls) became somewhat more sus- 
ceptible than the animals of the most sus- 
ceptible breeds (English, Flemish, Sable, 
American Blue and Rex) (Fig. 5). The 
factor has not been obtained (using identical 
techniques) from other neoplasms of the mouse 
or rabbit, nor from the rabbit spleen, skeletal 
muscle, or rabbit testis. The effect of the 
material has not in our hands resembled 
anaphylaxis or sensitization of the usual sort. 
Necroses do not appear at the site of repeated 
injections and animals injected weekly for 
almost a year were still highly susceptible and 
none died because of the injections* Histo- 
logically there seems less necrosis in the tumor 
tissue of XYZ animals and more cells seem 
alive* The prolonged storage in the frozen 
state seems to inactivate or mask such inhib- 
itory factors as may be present in the fresh 
tumor tissue or the surrounding intercellular 
fluids.^- 

Kidd,^^ using our technique, froze Brown- 
Pearce tumor tissue and kept it frozen for 1-2 
months at -22® C until ready for use. He 
then injected a saline emulsion of the frozen 
and non- viable tumor tissue, in the manner of 
our experiments, 7-20 days prior to intra- 
muscular transplantation of the tumor. 
Among the 16 “blue cross” control rabbits was 
one animal at 30-35 days with progressively 
enlarging primary tumor (6%), none had 
metastases (0%) and none died from the 
tumor (0%). Among the 53 “blue cross” 
XYZ animals (called “immunized animals” 
by Kidd) there were 18 at 30-35 days with 
progressively enlarging primary tumors 
(34^), at least 10 had metastates (19%) 
and 10 died from metastases (19%). Evalu- 
ation of his work is difficult since his experi- 
ments were terminated at 30-35 instead of at 
the usual 60 days, control animals were few 
and autopsies were incomplete in that no 
enumerations of the incidence, number and 
volume of the metastases was recorded. 
Nevertheless his “immunized” (XYZ in- 
jected) animals had significantly more enlarg- 
ing tumors (X2=4.7, P=0.035), and among 
those with tumors a greater mortality from 
metastases n=l, P=0*02) than 

their respective controls. The term, “im- 
munized,” used by Kidd with respect to the 


XYZ injected animals is, we believe, ill con- 
sidered. 

Several years ago Dr. Kidd kindly sent us 
2 samples of frozen Brown-Pearce tumor 
tissue tested by him for antigen. This non- 
viable tumor tissue was injected by us into 
New Zealand white rabbits 15-16 days prior 
to subcutaneous transplantation of the tumor. 
The animals comprise Groups 3 and 4 in the 
present experiments (Table I). Among the 
16 controls 3 had non-regressed tumors at 
necropsy (19%), 2 had metastases (13%), 
and none had died (0%); the metastatic 
foci averaged 1.3 and the total tumor 3.6 cc 
per animal inoculated. Among the 14 XYZ 
animals 8 had non-regressed tumor at necrop- 
sy (57%), 5 had metastases (36%), 4 died 
from metastases (29%); the metastatic foci 
averaged 5.8 and the total tumor 26.4 cc per 
animal inoculated. Combining Dr. Kidd^s 
animals with enlarging primary tumors at 
30-35 days with our animals having non- 
regressed primary tumor at 60 days there were 
26 such animals among the 67 “immunized” 
(XYZ injected), as compared with 4 among 
the 32 controls (X“7.1, n=l, Pr=0.01- 
significant). Similarly the deaths from tumor 
were 14 among the 67 “immunized” (XYZ) 
and none among the 32 controls (X-=8.8, 
n==:l, PrrO.Ol- significant). 

Kidd like ourselves encountered the XYZ 
phenomenon while trying to immunize with 
frozen tumor tissue. An antibody response to 
the frozen tumor tissue was obtained by 
him in 22 of the 53 “blue cross” rabbits in 
the form of complement fi.xing antibodies 
with titers of 1-2 to 1-64; and each of the 
13 rabbits which failed to grow a primary 
tumor was in this group. Such an antibody 
response was absent or insignificant among 
rabbits of other breeds and mixtures when 
tested by Cheever,^'^ by Jacobs and Hough- 
ton^^ and by Kidd.^^ The antibody response 
seems largely limited to the “blue cross” rab- 
bit, which is a Lilac cross developed by Dr. 
Wade H. Brown for stock use at the Rocke- 


HCheever, F. S., Pboc. Soc. Exr. Biol. 
Afea, 1940, 45, 317. 

15 Jacobs, J. J., anil Houghton, J. Pnoc. 
Soo, Exf. Bjol. xki) AIei)., 1941, 47, SB, 
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feller Institute. The Lilac and its close 
relative, the Havana, have the highest natural 
resistance of any breeds tested against the 
Bro^vn-Pearce tumor. No Havana rabbit has 
ever died from the tumor. Dmochowski^*^ 
and Jacobs and Houghton^^ comment that 
it is ‘‘necessarj" to exclude the obvious likeli- 
hood that the antigenic substance is part of 
the cellular elements of the tumor” which re- 
sult ‘‘in the formation of antibodies” when 
injected into a genetically different host. T^e 
ant ibodj es described by Kidd seem to bear 
no^ relation to the growth of the Brown- 
Pearce tumor in animals successfully trans- 
planted (in direct contrast to the XYZ effect) . 
Among the 9 animals with antibodies and suc- 
cessfully transplanted 5 had enlarging primary 
tumors at the termination of the experiments 
(55%) and there were 2 deaths from meta- 
stases (22%), as compared with 13 enlarging 
primary tumors (42%) and 8 deaths from 
metastases (26%) among the 31 animals 
without antibodies and successfully trans- 
planted, The differences were not significant. 

Known mammalian viruses^" are thermo- 
labile (55-60°C) yet Kidd has applied the 
term ^‘virus” to the thermostable (65 °C) 
antigen in the cells of the Brown-Pearce 
tumor causing antibody response in the Lilac 
cross or Blue cross rabbit. He disregards the 
specific filtrable thermolabile (56°C) XYZ 
factor, uniformly present in the frozen Brown- 
Pearce tumor tissue, and capable of abrogat- 
ing or completely blocking host resistance to 
this neoplasm. Its effect is not limited to 
certain strains of rabbits. The only bio- 
logically comparable filtrable thermolabile 
factor in mammalian tumors is the milk fac- 
tor, discovered more recently by Bittner.^® 
This agent is also specific, thermolabile 

Domocliowski, L., rendue de hi Soc. de 

Biol, 193S, 349. 

1" Seiffert, Gustav, Virus Diseases in Man, Ani- 
mal and Plant, Philosophical Libr., New York, 
1944, 49. 


(56X), durable, and also does not immunize 
but renders even resistant strains of mice 
highly susceptible to the development of a 
specific neoplasm. It also causes no necrosis, 
or obvious reaction in the host. 

Summary and Conclusions, 1. Of 134 New 
Zealand White rabbits in 15 experiments 65 
were given an injection of 1,0 to 0.0001 g 
of Brown-Pearce tumor tissue (no longer 
viable) which had been kept frozen anaero- 
bically for 10-296 days. Viable Brown- 
Pearce tumor tussue was transplanted 10-21 
days later into the testes of 54 and beneath 
the skin in 11 of the 65 animals; also 
inoculated at the same time were the 69 
controls, 52 subcutaneously and 17 intra- 
testicularly. 

2. The experimental animals had a signifi- 
cantly greater incidence of and larger primary 
tumors, a greater incidence and volume of, 
and more numerous metastases and a greater 
mortality from the tumor in a shorter interval 
after inoculation than their respective controls, 
by both the intratesticular and subcutaneous 
routes. 

3. This effect (XYZ factor) was not con- 
fined to the New Zealand VTiite breed as 
common rabbit hybrids of average resistance 
to the Brown-Pearce tumor could be rendered 
more susceptible than even the most sus- 
ceptible breeds such as the English, Sable, 
Flemish and Rex. Even the relatively re- 
sistant blue-cross or Lilac cross rabbit be- 
came more susceptible upon injection of the 
frozen tumor tissue. 

4. The mechanism of the XYZ phenomenon 
seems to be influenced by the inactivation or 
masking by prolonged freezing of inhibitory 
factors present in the fresh tumor. The 
frozen material seems to act by blocking host 
resistance to a specific tumor. 

IS Bittner, J. J., Science, 1936, 84, 162; Ander- 
vont, H. B., ^lammary Tumors in Mice, A.A.A.S,, 
Wasliingtoii, 1945, 123. 
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plasm (controls) became somewhat more sus- 
ceptible than the animals of the most sus« 
ceptible breeds (English, Flemish, Sable, 
American Blue and Rex) (Fig. 5). The 
factor has not been obtained (using identical 
techniques) from other neoplasms of the mouse 
or rabbit, nor from the rabbit spleen, skeletal 
muscle, or rabbit testis. The effect of the 
material has not in our hands resembled 
anaphylaxis or sensitization of the usual sort. 
Necroses do not appear at the site of repeated 
injections and animals injected weekly for 
almost a year were still highly susceptible and 
none died because of the injections. Histo- 
logically there seems less necrosis in the tumor 
tissue of XYZ animals and more cells seem 
alive. The prolonged storage in the frozen 
state seems to inactivate or mask such inhib- 
itory factors as may be present in the fresh 
tumor tissue or the surrounding intercellular 
fluids.^^ 

Kidd/^ using our technique, froze Brown- 
Pearce tumor tissue and kept it frozen for 1-2 
months at -22° C until ready for use. He 
then injected a saline emulsion of the frozen 
and non-viable tumor tissue, in the manner of 
our experiments, 7-20 days prior to intra- 
muscular transplantation of the tumor. 
Among the 16 ^^blue cross^’ control rabbits was 
one animal at 30-35 days with progressively 
enlarging primary tumor (6^), none had 
metastases (0%) and none died from the 
tumor [0%), Among the S3 “blue cross^^ 
XYZ animals (called “immunized animals” 
by Kidd) there were 18 at 30-35 days with 
progressively enlarging primary tumors 
(34%), at least 10 had metastates (19%) 
and 10 died from metastases (19%). Evalu- 
ation of his work is difficult since his experi- 
ments were terminated at 30-35 instead of at 
the usual 60 days, control animals were few 
and autopsies were incomplete in that no 
enumerations of the incidence, number and 
volume of the metastases was recorded. 
Nevertheless his “immunized” (XYZ in- 
jected) animals had significantly more enlarg- 
ing tumors (X"=r4.7, P=0.035), and among 
those with tumors a greater mortality from 
metastases (X^^S.fi, n=:=I, P==:0.02) than 
their respective controls. The term, “im- 
munized,” used by Kidd with respect to the 


XYZ injected animals is, we believe, ill con- 
sidered. 

Several years ago Dr. Kidd kindly sent m 
2 samples of frozen Brown-Pearce tumor 
tissue tested by him for antigen. This non- 
viable tumor tissue was injected by us into 
New Zealand white rabbits 15-16 days prior 
to subcutaneous transplantation of the tumor. 
The animals comprise Groups 3 and 4 in the 
present experiments (Table I). Among the 
16 controls 3 had non-regressed tumors at 
necropsy (19%), 2 had metastases (13%), 
and none had died (0%); the metastatic 
foci averaged 1.3 and the total tumor 3.6 cc 
per animal inoculated. Among the 14 XYZ 
animals 8 had non-regressed tumor at necrop- 
sy (57%), 5 had metastases (36%), 4 died 
from metastases (29%); the metastatic foci 
averaged 5.8 and the total tumor 26.4 cc per 
animal inoculated. Combining Dr. Kidd^s 
animals with enlarging primary tumors at 
30-35 days with our animals having non- 
regressed primary tumor at 60 days there were 
26 such animals among the 67 “immunized” 
(XYZ injected), as compared with 4 among 
the 32 controls (X“7.1, n=:l, P=0.01- 
significant). Similarly the deaths from tumor 
were 14 among the 67 “immunized” (XYZ) 
and none among the 32 controls {X~=::=8.8, 
n==:l, P~0.01~ significant). 

Kidd like ourselves encountered the XYZ 
phenomenon while trying to immunize with 
frozen tumor tissue. An antibody response to 
the frozen tumor tissue was obtained by 
him in 22 of the 53 “blue cross” rabbits in 
the form of complement fixing antibodies 
with titers of 1-2 to 1-64; and each of the 
13 rabbits which failed to grow a primary 
tumor was in this group. Such an antibody 
response was absent or insignificant among 
rabbits of other breeds and mixtures when 
tested by Cheever,^'^ by Jacobs and Hough- 
ton’^ and by Kidd.’’ The antibody response 
seems largely limited to the “blue cross” rab- 
bit, which is a Lilac cross developed by Dn 
Wade H. Brown for stock use at the Rocke^ 


u Ciicevor, F. S., Pkoc. Soc, Exe. Biot, axd 
XlED., 1940, *45, 517. 

isj.ncobs, J. J., and Houghton, D., I'iioc. 
Soo. Exp. Bjol. ako Mep., 1941, 47, 85. 



STREPTOiryciN Effect on E. coll Strains 


587 


TABLE I. 

Influence of NaCl on Growth of E. coh ds. 



No NaCl 


0 . 4 % XaCl 

1.0 NaCl 



r 



r 








Concentration of streptomycin, ug/uil 





Hrs of hicuhation 

0 5 25 

100 500 

0 5 25 

100 500 0 

5 

25 

100 

500 





Turbidity. 





8 

0 0 0 

0 

0 

0 0 0 

0 0 0 

0 

0 

0 

0 

19 

0 7 0 

0 

0 

0 11 10 

4 0 0 

0 

10 

7 

1 

* 25 

0 13 2 

0 

0 

0 15 14 

13 0 0 

1 

14 

19 

12 

43 

0 18 13 

0 

0 

0 18 19 

19 5 0 

11 

20 

19 

16 

91 

0 18 16 

9 

0 

0 26 24 

24 20 0 

14 

28 

26 

24 

139 

0 15 13 

12 

0 

0 25 22 

21 16 0 

17 

21 

19 

18 




TABLE n. 






Influence of Carbon Sources upon the Growth of E. coJi ds. 






No added 









carbon source 


Glucose 

Pyruvate 


Pumarate 


r 




/■ " > 








Concentration of streptomycin, /xg/ml 
0 0 15 25 0 5 15 25 





Hrs of incubation 

0 5 15 

25 

0 

5 

15 

25 





Turbidity. 





6 

0 0 0 

0 

0 

0 0 0 

0 0 0 0 

0 

0 

0 

0 

17 

Oil 

0 

0 

3 0 0 

0 0 2 2 

0 

0 

0 

0 

24 

0 10 4 

0 

0 

23 14 5 

0 2 19 23 

0 

1 

12 

17 

41 

0 18 18 

13 

0 

36 38 35 

0 19 38 42 

0 

11 

26 

25 

95 

0 21 22 

18 

0 

44 45 43 

0 27 50 52 

0 

22 

38 

40 

119 

0 20 21 

16 

0 

48 49 46 

0 33 52 53 

0 

23 

40 

43 




TABLE III. 






Influence of Carbon Sources in a Synthetic lledium upon the Growth of E. coli ss in Presence 



of Streptomycin, 







Glucose 


Pyruvate Pumarate 




\ 




r 








Concentration of strei)tomycin, xxg/ml 




Incubation, hr 

0 

5 


0 

5 

0 

5 







Turbidity 





24 

0 

0 


0 

0 

0 

0 



48 

0 

0 


10 

0 

4 

0 



72 

0 

0 


14 

0 

9 

0 



96 

21 

0 


11 

0 

9 

0 



120 

25 

0 


14 

0 

13 

0 



142 

26 

0 


16 

0 

15 

0 



169 

30 

0 


20 

0 

18 

0 



193 

32 

0 


21 

0 

23 

0 



265 

35 

0 


27 

0 

28 

0 



336 

36 

0 


30 

0 

33 

0 



528 

39 

0 


43 

0 

42 

0 




5 /xg/ml not only had no delaying effect but 
proved to be more favorable to growth. These 
results thus tend to prove that pyruvate and 
fumarate favor the growth of both E. coll ss 
and E. coll ds, in the presence of streptomycin. 

Use oj synthetic media for studying the 
effect of carbon sources upon streptomycin 
activity on various E, coll strains. In order 
to eliminate the interfering action of peptone 
and meat extract upon the effect of supple- 


mentary addition of carbon sources, a syn^ 
the tic (Koser’s) medium was used. This 
medium consisted of 1 g 1 g 

K2HPO4, 0.2 mg :MgS04 • 7H:iO, 5 g NaCl, 
1000 ml distilled water, and was adjusted to 
pH 7.3. The carbon sources, previously 
sterilized b}*' passage through a Seitz filler,' 
were added to make a final concentration of 
0.2^, Several strains of E, coll of varying 
sensitivity to streptomycin were used in these 
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16795 

Effect of Nutrients Upon Growth of Streptomycin-Sensitive, -Resistant- 
and -Dependent Strains of Escherichia coli*\ 

Warren P. Iverson and Selman A. Waksman. 

From the Veparlme’nt of Microbiology, iWiii Jersey Agricultural Experiment Station, Itiitgcrs 

Uni versitj/. 


Among the various constituents of the 
medium which influence the antibacterial 
potency of streptomycin, salt, glucose and 
certain organic adds were found^-- to be of 
special importance. The presence in nutrient 
broth of pyruvic and fumaric adds in I fo 
concentrations enabled Escherichia coll to 
grow in the presence of 10 fig/ml of strep- 
tomycin, whereas in the same medium free 
from these acids, the organism was inhibited 
even by 1 fig/ml of the antibiotic. With the 
isolation of streptomycin-dependent strains of 
this organism, it was considered of import- 
ance to determine how the growth of such 
dependent strains (E. colt ds) would be af- 
fected by the presence in the medium of those 
substances which normally favor growth of 
the original streptomycin-sensitive cultures 
(E. coU ss) in the presence of streptomycin. 

Effect of NaCl upon the growth of E. coli ds. 
Varying amounts of NaCl, sterilized by auto- 
claving, and streptomycin pasteurized by heat- 
ing for 30 minutes at 60°C, were added to 
sterile nutrient broth (0.5% peptone and . 
0,3% meat extract in distilled water) in 
tubes. These were inoculated with a sus- 
pension of £. coli ds grown on nutrient agar 
containing 10 |ig/ml streptomycin. Each 
tube was thus inoculated with 44,000 viable 
cells. The cultures were incubated at 28 °C 
and the amount of gro\vth was measured by 
using a Cenco-Sheard-Sanford Photeiometer 

* Journal Scries Paper, New Jersey Agricultural 
Experiment Station, Putgcrs rniversity, depart- 
ment of Microbiology. 

t Partly supported by a grant made by the 
Conimonwealtli Puiul of New York. 

1 Green, S. E., and Waksman, S. A., PROC. Soc, 
Exp. Biol, and Meu., INS, <37, 281. 

y Green, S. B., Iverson, AY. P., and Waksman, 

S. A., Pboc. Soc. Exp, Biol, .ino Mm, 1948, 07, 
285. 


type B2 with a red filter. Growth \Yas e,x- 
pressed as the average turbidity (100- 
transmittancy) of three tubes. 

E. coli ds did not grow in the media free 
from streptomycin; in the presence of strep- 
tomycin, however, good growth occurred 
(Table I). The presence and concentration 
of NaCl had an important effect. Without 
the salt, growth was poorer and was more 
sensitive to higher concentrations of strep- 
tomycin, so that 500 /xg/mi was sufficient to 
inhibit completely the growth of the organism. 
With an increase in concentration of NaCl to 
1%, there was a tendency for more rapid 
initial growth with increasing concentrations 
of streptomycin. In other words, the presence 
of NaCl exerts a favorable effect upon the 
growth of both E. coli ss and E. coli ds in the 
presence of streptomycin: The injurious 
effect of streptomycin upon E. coll ss is re- 
duced by the presence of NaCl, and growth of 
E. coli ds is favored. 

Influence of carbon sources upon the growth 
of E. coli ds. A study was made next of the 
effect of glucose and of salts of pyruvic and 
fumaric acids upon the growth of E. coli ds 
(Table II). The above nutrient broth (free 
from NaCl) was used. When no other carbon 
source was added, growth was rather limited; 
an increase in the concentration of strepto- 
mycin above 5 /xg/nil had a somewhat delay- 
ing and even depressing effect upon the growth 
of the organism. When glucose was added to 
the broth there was a marked increase in the 
amount of growth produced; increasing the 
concentration of streptomycin above 5 /^g/ml 
had again a delaying effect upon the rate of 
growth. Pyruvate and fumarate also exerted 
a highly favorable effect upon the grow’th of 
E. coli ds. This was especially true of the 
pyruvate; in this case, however, an increase In 
the concentration of the streptomycin above 
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TABLE VI. 

Growth of E. coli rs* in a Synthetic Medium Containing Different Carbon Sources and Various 

Concentrations of Streptom3*cm. 




Glucose 



Pyruvate 

Fumarate 

IncubatioD, hr 

0 

5 

Concentration of streptomycin, 
500 0 5 500 

MgMl 

0 

5 

500 

98 

0 

0 

0 

Turbidity 

0 0 0 

0 

0 

0 

1 92 

0 

0 

0 

0 

0 

0 

0 

0 

4 

146 

0 

0 

0 

0 

0 

0 

0 

0 

8 

1G8 

0 

0 

0 

0 

0 

0 

0 

0 

13 

192 

0 

0 

0 

0 

0 

0 

0 

0 

19 

213 

0 

0 

0 

0 

0 

4 

0 

0 

19 

238 

0 

0 

0 

0 

0 

10 

0 

0 

20 

265 

0 

0 

0 

0 

0 

15 

0 

0 

21 

290 

0 

0 

0 

0 

0 

15 

0 

0 

20 

362 

0 

0 

0 

0 

0 

15 

0 

0 

15 

432 

0 

0 

0 

0 

0 

22 

0 

0 

13 

624 

0 

0 

0 

0 

0 

16 

0 

0 

13 


* This strain was isolated from the plating of jE, coli ss in agar containing streptomycin 
(15 /ig/ml). 


using nutrient agar to which 15 ^ig/streptomy- 
cin had been added. Of the colonies which 
appeared on the plate, one was found to be 
resistant to streptomycin. Of the remaining 
ten, 5 were similar to the first in resistance to 
streptomycin (in other words, they were E, 
coli rs strains) and 5 were dependent on 
streptomycin (E. coli ds strains). The first 
colony gave rise to a culture which grew only 
in synthetic media in the presence of pyruvate 
or fumarate as a carbon source and with 
streptomycin only in concentrations of 500 
Mg/ml (Table VI); no growth took place in 
higher (1000 fig/ml) or lower (100 /ig/ml) 
concentrations. When such growth in the 
pyruvate or fumarate tubes was streaked on 
plain nutrient agar or on agar containing 
10 fig/wl of streptomycin, ail grew on the 
streptomycin agar but not on the streptomy- 
cin-free agar. Two of the 3 pyruvate tubes 
also gave some growth on the plain agar. 
When this freshly isolated E, coli ds was in- 
oculated into nutrient broth, allowed to grow 
for 4 days at 28® C, then plated out on plain 
agar and on streptomycin-containing (10 
/ig/ml) agar, 1 ml of the culture contained 
137,000,000 sensitive cells and 470,000 de- 
pendent cells of E. coIL A streptomycin- 
resistant strain was thus transformed, by 
growing in a fumarate or pyruvate medium, 
first into a streptomycm-dependeiit and then 
into a streptomycin-sensitive strain. 


A preliminary experiment in which various 
amino acids were added to the synthetic 
medium with glucose as a carbon source 
seemed to indicate that 1-lysine was necessary 
for the growth of this resistant organism. 

These results thus bring out emphatically 
the relationship between the nutrition of 
E. coli and its sensitivity or resistance to or 
dependence on streptomycin. 

Summary. 1, Growth of a streptomycin- 
dependent strain of E. coli in nutrient broth 
was favored by the presence of sodium 
chloride. 

2. Glucose, pyruvate, and fumarate, when 
added to nutrient broth minus sodium 
chloride, caused greater growth of the strep- 
tomycin-dependent strain. With nutrient 
broth alone and nutrient broth plus glucose, 
the greatest initial growth took place in the 
presence of 5 fig streptomycin/ml. Nutrient 
broth plus the sodium salts of pyruvate and 
fumarate, however, favored a greater initial 
growth in higher concentrations of strepto- 
mycin (25 /Ag/mi). 

3. In a synthetic medium containing glu- 
cose, pyruvate and fumarate as carbon 
sources, the growth of the sensitive parent 
E. coli strain was inhibited by 5 /xg/ml; the 
dependent strain grew in all concentrations 
of streptomycin from 5 to 1000 /xg/ml, but 
not in media without streptomycin. One re- 
sistant strain grew in all concentrations of 
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TABLE IV. 

Influcjiee of Carbon Sources in a Synthetic Medium upon the Growtit of E. coli di in Presence 
of Streptomjxla. 




Glucose 



Pyruvate 



Pumarate 

— 

Incubation, hr 

0 

50 

500 

Concentration of streptonircin, ng/ml 
1000 5 50 500 1000 5 

50 

500 

1000 

2^ 

0 

0 

0 

0 

0 

Turbidity 
0 0 

0 

0 

0 

0 

0 

49 

0 

0 

0 

0 

1 

1* 

0 

0 

0 

0 

0 

0 

66 

0 

0 

0 

0 

4 

5 

0 

0 

0 

2f 

4 

' If 

90 

0 

0 

0 

0 

13 

13 

0 

0 

1* 

5 

9 

5 

118 

0 

0 

0 

0 

16 

15 

10 

0 

3 

10 

15 

14 

138 

0 

0 

1* 

0 

18 

16 

8 

0 

5 

13 

19 

IS 

164 

0 

13 

10 

0 

19 

18 

17 ‘ 

4f 

7 

16 


22 

193 

2* 

23 

20 

0 

22 

20 

19 

161 

10 

20 

23 

23 

261 

23* 

28 

22 

21* 

24 

22 

21 

10* 

14 

27 

23 

21 

3S4 

24 

32 

26 

23 

26 

25 

24 

21 

22 

26 

16 

15 

648 

30 

36 

30 

30 

38 

37 

18 

15 

32 

30 

16 

15 


Measurements reported are averages of 3 tubes, except those indicated by * "where growth 
occurred in 2 tubes only and t with growth in one tube only. No growth in media free from ' 
streptomycin. 


TABLE V. 

Influence of Carbon Sources in a Synthetic Medium upon the Growth of E. coH rst in Presence 
of Streptoniycia. 


Glucose Pyruvate Pumarate 


Incubation, 

hr 

0 

5 

50 

500 

Concentration of streptomycin, /ig/ml 
1000 0 5 50 500 1000 0 . 

5 

50 

500 

1000 

31 

0 

0 

0 

0 

0 

0 

0 

Turbidity 

0 0 

0 

0 

0 

0 

0 

0 

46 

0 

0 

0 

0 

0 

0 

1* 

1 

0 

0 

11 

1* 

1* 

0 

0 

71 

0 

0 

0 

0 

0 

11 

16 

16 

4 

0 

6 

7 

8 

7 

o* 

96 

0 

0 

0 

0 

0 

19 

18 

20 

16 

0 

10 

11 

12 

13 

8 

120 

0 

0 

0 

0 

0 

22 

20 

23 

18 

7 

15 

14 

16 

17 

10 

144 

131 

0 

0 

0 

0 

24 

22 

26 

23 

17 

IS 

18 

2f> 

22 

21 

168 

16 

9* 

61 

0 

0 

28 

24 

27 

25 

21 

21 

21 

24 

24 

23 

240 

24 

25 

22 

0 

26t 

33 

29 

32 

29 

26 

27 

27 

32 

28 

24 

336 

28 

31 

27 

261 

24 

36 

32 

34 

30 

26 

29 

25 

25 

19 

15 

528 

31 

35 

31 

341 

311 

44 

40 

41 

26 

16 

34 

30 

26 

19 

16 


$ This strain was obtained from a culture of S. coH ss growing in presence of streptomycin. 


experiments, namely the streptomycin-sensi- 
live (ss), streptomycin-resistant (rs) and 
streptomycin-dependent (ds). 

Growth of E. coli ss was inhibited by 
S /tg/ml of streptomycin, as shown in Table 
III. The presence of pyruvate and furaarate 
in the medium did not overcome the inhibit- 
ing effect of the antibiotic in the above con- 
centration. E. coli ds grew well in all tubes 
containing streptomycin, varying in concen- 
tration between 5 to 1000 f^g/ml (Table IV). 
With the higher amounts of streptomycin, 
growth with glucose was somewhat better 
diaa with pyruvate and fumarate. As one 
would expect, no growth occurred in the 
media free from streptomycin. _ 

A streptomycin-resistant strain of E. coh 


(rs) was obtained by allowing the parent 
culture to grow in nutrient broth containing 
1 /ig/ml of streptomycin, plating out the 
culture at the end of a month's incubation, 
using agar media containing 1000 /ig/nil 
streptomycin, and isolating one of the colonies. 
This culture of E, coli rs grew best with 
pyruvate as a source of carbon, both in the 
absence and in the presence of streptomycin 
(Table V). An increase in concentration of 
the antibiotic resulted in a delaying effect 
upon growth of the culture in the presence 
of glucose, and to a lesser extent in the 
presence of the salts of the organic adds. 

A second resistant strain was obtained by 
plating out a 28 hour old nutrient broth cul- 
ture of the parent sensitive strain of coh 
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TABLE VI. 

Growth of E. coU rs* in a Synthetic Medium Containing Different Carbon Sources and Various 

Concentrations of Streptomycin. 




Glucose 


Pjruvnte 

Fumarate 

Incubation, hr 

0 

o 

Concentration 
500 0 

of streptomycin, /ig/ml 
5 500 0 

5 

500 

98 

0 

0 

0 

Turbidity 

0 0 0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

4 

146 

0 

0 

0 

0 

0 

0 

0 

0 

8 

168 

0 

0 

0 

0 

0 

0 

0 

0 

13 

192 

0 

0 

0 

0 

0 

0 

0 

0 

19 

213 

0 

0 

0 

0 

0 

4 

0 

0 

19 

238 

0 

0 

0 

0 

0 

10 

0 

0 

20 

265 

0 

0 

0 

0 

0 

15 

0 

0 

21 

290 

0 

0 

0 

0 

0 

15 

0 

0 

20 

362 

0 

0 

0 

0 

0 

15 

0 

0 

15 

432 

0 

0 

0 

0 

0 

22 

0 

0 

13 

624 

0 

0 

0 

0 

0 

16 

0 

0 

13 


* This strain was isolated from the plating of E, eoU ss in agar containing streptomycin 
(15 /ig/ml). 


using nutrient agar to which 15 /xg/streptomy- 
cin had been added. Of the colonies which 
appeared on the plate, one was found to be 
resistant to streptomycin. Of the remaining 
ten, 5 were similar to the first in resistance to 
streptomycin (in other words, they were E, 
coll rs strains) and 5 were dependent on 
streptomycin (E. coll ds strains). The first 
colony gave rise to a culture which grew only 
in synthetic media in the presence of pyruvate 
or fumarate as a carbon source and with 
streptomycin only in concentrations of 500 
/Ag/ml (Table VI) ; no growth took place in 
higher (1000 pg/ml) or lower (100 pg/ml) 
concentrations. When such growth in the 
pyruvate or fumarate tubes was streaked on 
plain nutrient agar or on agar containing 
10 pg/ml of streptomycin, all grew on the 
streptomycin agar but not on the streptomy- 
cin-free agar. Two of the 3 pyruvate tubes 
also gave some growth on the plain agar. 
When this freshly isolated E. coll ds was in- 
oculated into nutrient broth, allowed to grow 
for 4 days at 28°C, then plated out on plain 
agar and on streptomycin-containing (10 
/ig/ml) agar, 1 ml of the culture contained 
137,000,000 sensitive cells and 470,000 de- 
pendent cells of £. colL A streptomycin- 
resistant strain was thus transformed, by 
growing in a fumarate or pynxvzie medium, 
first into a streptomycin-dependent and then 
into a streptomycin-sensitive strain. 


A preliminary experiment in which various 
amino acids were added to the synthetic 
medium unth glucose as a carbon source 
seemed to indicate that 1-lysine was necessary 
for the growth of this resistant organism. 

These results thus bring out emphatically 
the relationship between the nutrition of 
E. coll and its sensitivity or resistance to or 
dependence on streptomycin. 

Summary. 1. Growth of a streptomycin- 
dependent strain of E. coll in nutrient broth 
was favored by the presence of sodium 
chloride. 

2. Glucose, pyruvate, and fumarate, when 
added to nutrient broth minus sodium 
chloride, caused greater growth of the strep- 
tomycin-dependent strain. With nutrient 
broth alone and nutrient broth plus glucose, 
the greatest initial growth took place in the 
presence of 5 /ig streptomycin/ml. Nutrient 
broth plus the sodium salts of pyruvate and 
fumarate, however, favored a greater initial 
growth in higher concentrations of strepto- 
mycin (25 fxg/ml). 

3. In a synthetic medium containing glu- 
cose, pyruvate and fumarate as carbon 
sources, the growth of the sensitive parent 
E. coll strain was inhibited by 5 /ig/ml; the 
dependent strain grew in all concentrations 
of streptomycin from 5 to 1000 /xg/ml, but 
not in media without streptomycin. One re- 
sistant strain grew in all concentrations of 
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streptomycin as well as in media without 
streptomycin, while a second resistant strain 
grew only in a streptomycin concentration of 
500 /ig/ml with pyruvate and fumarate as 
carbon sources. 

4. This second streptomycin resistant strain 
was transformed into a streptomycin-de- 


pendent strain under the above conditions. 
The dependent strain so obtained remained 
dependent after several transfers on nutrient 
agar containing streptomycin, and in turn 
gave rise to streptomycin-sensitive cells when 
a large inoculum was placed in streptomycin- 
free nutrient broth. 
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A Simple Technic for Counting Megakaryocytes.* 

Edwin E. Osgood. 

From the Division of Experimental Medicine, University of Oreyoji Medical School 


Principle of method. Make a thick drop 
preparation of an accurately measured volume 
of marrow as in examination for malaria and 
count all the megakaryocytes in the prepara- 
tion. 

Method. From a well-shaken, evenly 
suspended marrow specimen,^ fill a Sahli 
hemoglobin pipette to the 20 cmm mark and 
blow contents onto a clean slide to form a 
thick drop. Spread evenly with the pipette 
tip over an oval area about l.S X 3 cm. 
Usually several such thick drop slides are 
made so that additional slides are available for 
examination in case part of the drop is de- 
tached by too vigorous washing and so that, 
when the count is low, a statistically significant 
number of cells can be counted.^ Place slides 
in an incubator overnight. The following morn- 
ing, immerse the slides in a solution of 5% for- 
malin in 1% acetic acid in a Coplin jar until 
the erythrocytes are lysed and the thick drop 
is grayish in color. Flood the laking solution 
off the slide with water and gently rinse with 
buffer-phosphate solution (pH 6.4).- Stain 
with Wright's stain alone for 2 to 3 minutes. 
Add buffer-phosphate solution and stain 60 
to 90 minutes. Wash slide by holding hori- 

* Aided by a grant from tlie George A. Myers 
KesearcU Fund for Study of Hemorrhagic Dis- 
eases. 

1 Osgood, E, E., and Seaman, A. J ., Fhi/$iol 
Mev.j 1944, 34, 46. 

2 Osgood, E. E., “Laboratory Diagnosis/' p. 
478, 3rd ed., Blaldston. 


zontally under gently running water. Air 
dry. Spread a thin film of immersion oil over 
the smear and examine systematically, using 
a mechanical stage and 200 X magnification, 
preferably with an 8 mm objective which is 
not immersed in the oil. Count all mega- 
karyocytes seen in the specimen and multiply 
by 50 to express as number per ml. If the 
total nucleated marrow cell count per cmm 
and the leukocytic-eiythrocytic ratio are de- 
termined, the number of megakaryocytes per 
million nucleated marrow cells or per million 
nucleated erythrocytic cells may be calcu- 
lated. Morphology is fairly well preserved 
and any cell can be examined in greater detail 
by switching to the oil immersion lens. 

In previously reported methods a count was 
made of all megakaryocytes and all nucleated 
marrow cells'*^ or of all megakaryocytes and 
all nucleated erythrocytic cells’* in an area of 
arbitrarily determined size on a thin marrow 
smear and results e.xpressed, respectively, as 
megakaryocytes per million nucleated marrow 
cells or per million nucleated erythrocytic 
cells. These methods have the disadvantages 
that they are extremely rime-consuming and 
that such large cells are seldom distributed 
evenly and, indeed, are likely to be found in 
greatest numbers at the tails of the smear. 
The area selected for e.xamination will thus 

aLimarzi, L. R., luid Schleicher, E. M., 
1940, 114, 12. 

4 Damesliek, W., and Miller, E. B., DM lOiO, 

1, 27. 
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greatly influence the count. If results are 
expressed as number per million nucleated 
erythrocytic cells, .megakaryocytes are actu- 
ally more numerous than results would indi- 
cate in diseases characterized by erythrocytic 
hj^erplasia such as blood loss anemia due to 
purpura hemorrhagica and actually less nu- 
merous than the results would indicate in 
erythrocytic hypoplasia. The same objec- 
tions apply when the result is expressed as 
number per million nucleated marrow cells 
and, in addition, leukocytosis, leukemia, and 
other hyper- or hypoplastic diseases of the 


leukocytic system would distort the apparent 
number of megakaryocytes. For these reasons, 
it would be preferable to determine the abso- 
lute number per ml. 

Study by this thick drop technic of the 
number of megakaryocytes found in normal 
and pathologic marrows is under way, but not 
yet complete. Preliminary results would seem 
to indicate that the normal range is between 
500 and 4000 megakaryocytes per ml; be- 
tween 20 and 150 per million nucleated mar- 
row cells; and between 50 and 300 per mil- 
lion nucleated erythrocytic cells. 
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Influence of Amino-Acids on Adrenal Enlargement, Nephrosclerosis and 
Hypertension by Anterior Pituitary Preparations.^ 

Olga B. Henriques/ S. B. Henriques,! R. DeGrandpre, and H. Selye. 

J^rom the lu^titut de JCedeciite et de Chirargic l^xperimentales, Uiiiversite de Montreal, 


Previous investigations carried out in this 
laboratory have shown that overdosage with 
lyophilized anterior pituitary {L.\P) can pro- 
duce nephrosclerosis and hypertension in rats 
fed a 30% casein diet.^ It was also observed 
that different kinds of proteins- and protein 
hydrolysates^ are as effective as casein in ih^e 
production of nephrosclerosis and hyperten- 
sion by L.AP. This paper is concerned with 
the nephrosclerotic activity of L.\P in animals 
fed a diet in which the protein component 
was provided by a mixture of crystalline 
amino-acids. 

* This investigation was supported by a research 
grant from the Division of Kesearch Grants and 
Fellowships of the National Institute of Health, 
tr. S. Public Health Service, and by the Common- 
wealth Fund. 

t From the Laboratory of Endocrinology, Insti- 
tute Butantan, Sao Paulo, Brazil. 

1 Dontigny, P., Hay, E. C., Prado, J. L., and 
Selye, H,, Anu J. Med. Sciences, 194S, 215, 442. 

- Hay, E. C., Prado, J. L., and Selye, H,, 
CanaJ. J. Itcscarch (Section E, Med. Se,), 1948, 
20 , 212 . 

DeGrandpre, R., Prado, J. L., Dontigny, P., 
Ledue, J., and Selye, H., I'cd. Proc., 194S, 7, 27. 


Material and methods. 25 hooded black- 
and-white male rats weighing 110 to 130 g 
were divided into 4 groups. Groups I and 11 
received a ‘^22%^’ amino-acid^ diet and 
Groups III and IV a ‘‘22%^’ Amigent (en- 
zymatic casein hydrolysate) diet, both rations 
containing 4% sodium chloride. In order to 
maintain equal food intake, all animals re- 
ceived their diet as a 70 g % aqueous sus- 
pension, 3 times daily at 6-hour intervals 
through a stomach tube. First Groups I and 
II were adapted to this procedure b}^ forced- 
feeding mixtures of Amigen and amino-acids 
in which the proportion of Amigen w'as gradu- 
ally decreased so that on the 10th day only 
amino-acids were fed. At the same time, 
Groups III and IV were adapted to forced 
feeding with the Amigen diet. The volume 
and caloric value of the food given was the 
same in all groups. The amount of food was 
so adjusted that the animals slightly increased 
in weight. 

.'\fter the adaptation period, all animals 

7^<22%'’ nioaus u nitrogeu content correspond- 
ing to 22% casein. For composition of diets see 
Tables I and II. 
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TABLE I. 


Composition of 

Amhio-acids Mixture. 

g 

/“(-{-) -arginiue lirtlrochloride 

5.8 

4-) -histidine 


11.9 

I- (4*) 'lysine 

i i 

30.0 

d!-isoIeucme 


24,0 

?'( — ) leucine 


2L6 

dl-methionine 


14.4 

dJ'phenylalunine 


16.8 

d?-tlireonine 


28.8 

flfLtryptopbane 


4.8 

d/-va}ine 


33.6 

acid 

137 

U ( — ) -tyrosine 


20.0 

TABLE TI. 


Composition of Diets (Parts %). 

Amigen Amino-acids diet 

Amigen 

30^ 

— 

Amino-acids mixture 


37^ 

Corn starch 

2S 

28 

Sugar 

3D 

30 

Cod liver oil 

1 

1 

Eat 

1 

1 

Steenbock ’s mineral mixture 4 

4 

Sodium chloride 

4 

2.5 

Ceilu flour 

a 

1 

Charcoal 

d 

0 

Vitamins! 

10 ml 

10 ml 

Sodium bicarbonatef 

— 

21.3 


* Tliese amounts correspond in nitrogen to 22 g 
of casein. 

t Used for neutralization of the amino-acids , 
hydroelilorides. 


were castrated and unilaterally nephrecto- 
mized. LAP treatment was started the fol- 
lowing day in Groups I and III, and con- 
tinued for 27 days. LAP was administered 
in 2 daily subcutaneous injections of 0.1 cc 
of 20 mg/day during 15 days, this dose being 
raised to 30 mg for 6 days and to 40 mg 
during the last 6 days. 

The blood pressures were determined on 
the 27th day of treatment by the direct 
method, as previously described/ the animals 
being killed next day. 

The severity of nephrosclerosis was desig- 
nated in terms of a scale of 0 to +-f+. 
The criteria employed microscopically were 
arteriolo necrosis, capillary tuft hyalinization 
and cast formation with resultant tubule dila- 
tation and atrophy. 

Discussion. As may be seen from Table 
III adrenal enlargement, nephrosclerosis and 
hypertension can be produced by LAP, on a 
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diet in which amino-acids completely replace 
proteins. This finding indicates that the con- 
stituent amino-acids are responsible for the 
conditioning, by dietary proteins, to the above 
toxic effects of LAP overdosage. Our data 
also show that the growth, adrenal enlargement 
and nephrosclerosis produced by LAP were 
less pronounced on the amino-acid diet than 
on the Amigen diet of equal nitrogen content. 
It may incidentally be mentioned that the 
usual myocarditic changes^ which accompany 
this type of hypertension w^ere also less obvious 
in the amino-acid than in the Amigen groups. 
This could possibly be explained by the fact 
that the animals of Groups I and II received 
an unnatural mixture of amino-acids. Yet 

iHawk, P. B., Oser, B. L., and Suinuicrson^ 
IV. H., Practical Physiological Chemist rt/y Tlie 
Blakiston Co., Pliiladelpliia, 1947. 

^ Selye, H., J. Clin. Endocrinol., 1946, 0, 117. 


the existing difference between Groups I and 
III is of sufficient magnitude to suggest that 
equal amounts of amino-N are not necessarily 
equally conducive to the production of 
nephrosclerosis by LAP. 

Summary. Adrenal enlargement, nephro- 
sclerosis and hypertension were produced by a 
lyophylized anterior pituitary (LAP) prep- 
aration in rats kept on a synthetic diet con- 
taining no protein, but an adequate amount 
of amino-acids. The severity of the lesions 
was less marked, however, than in rats receiv- 
ing an equivalent amount of nitrogen in 
the form of a casein-hydrolysate. It 
appears that amino-acids suffice to sensitize 
the organism to the production of hyperten- 
sive disease by LAP. This is noteworthy 
since no such pathologic changes can be pro- 
duced by' LAP on other diets deficient in 
proteins. 
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Comparative Assays of Rodenticides on Wild Norway Rats. 

IL Acceptance.* 

Sally H. Dieke. (Introduced by' C. P. Richter.) 

From the Psycliobiological Laboratory, Phipps Psychiatric Clinic, Johns Uopldns JJospital, 

Baltimore, PCd. 


In the previous paper of this senes/ 8 com- 
mon rodenticides were compared on the basis 
of their acute toxicities to recently trapped 
wild Norway rats. As was pointed out in that 
paper, a high toxicity does not, however, 
guarantee effectiveness under field conditions; 
of at least equal importance are those prop- 
erties, such as a bitter taste or the lack of 
it, which influence the voluntary CQnsumption 
of poisoned baits. It is the purpose of the 
present work to reexamine the same 8 rodenti- 
cides in the light of their acceptability' and 

* This investigation was supported by a research 
grant from the Division of Research Grants and 
Fcllo^vships of live National Institute of Health, 
XT. S. Public Health Service, 

1 Dieke, S. H., and Richter, C. P., Pub, Health 
Bcp., 1946, 01, 672. 


effectiveness w'hen off'ered to wild Norway 
rats in a standard bait under controlled con- 
ditions in the laboratory. 

Methods. The 565 w'ild Nonvay' rats on 
w'hich data are here given -were trapped in 
the city' of Baltimore during the period from 
July' 1946 to December 1947. Before use 
they were kept in the laboratory', in large 
holding cages, for a few day's; this delay 
proved necessary to allow' for occasion^ 
deaths or for signs of debility to become 
evident- They were maintained on Purina fox 
chow and water during this time. The healthy 
specimens were then transferred (in almost 
every instance w'ithin 2 w'eeks after trapping) 
to individual wire mesh cages provided with 
a metal food cup and a water bottle. The 
food cup had fitted over it an aluminum 
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cover with a small oval opening, designed to 
minimize spillage, and it rested directly under 
a matching hole cut in one corner of the 'wire 
mesh bottom of the living compartment. 

The bait used was a special yellow corn 
(Funks' Hybrid G-94, grown in McLean 
County, Illinoist), freshly ground to a uni- 
form fineness for each week's work. The 
cornmeal was weighed into the food cups and 
placed in the cages at 4:30 P.M, for the rats 
to eat overnight. Next morning at 9:30 
a.m. the food cups were removed and re- 
weighed. Extra cups containing cornmeal 
were occasionally weighed in the afternoon 
and again next morning to make sure that 
atmospheric conditions did not cause changes 
in weight which might reduce the accuracy 
of the observations. No changes of more than 
0.2 grams ever occurred, which was consid- 
ered within the experimental error. 

The cups were marked and always returned 
to the same cage. The rats were purposely 
left without food during the day in order to 
prevent them from starting to eat before 
dusk, which is their normal feeding time under 
field conditions. 

After 2 nights of prebaiting with plain 
corn, according to the above schedule, poison 
was added to the cornmeal for the third night. 
To ensure a uniformly small particle size, 
each sample was first ground in a mortar for 
2 or 3 minutes; it was then added to the 
appropriate amount of cornmeal and blended 
in a mechanical mixer for 15 to 20 minutes. 
The poisoned baits were always freshly pre- 
pared on the day the rats received them. 

Next morning the poisoned food was re- 
moved and weighed, and any rats alive at 
this time were fed fox chow until they died 
or were discarded (4 to 10 days after poison- 
ing, depending on the poison and the condi- 
tion of the rat). A large number of rats were 
autopsied, including all those not dying 
promptly, in order to exclude data on rats 
not succumbing to the poison alone. No sur- 
viving rat was ever used again. 

iVIost of the e.xperiments were performed 
during the autumn, winter and spring months. 

t Provided through the courtesy of Funk 
Brothers Seed Coiupauy, Bloomington, 111. 


No seasonal variation in toxicity \\*as found in 
previous work, and since the present work 
likewise gave no indication of any, the data 
have been considered as a whole. A difference 
in response attributable to sex was previously 
found to exist for none of the poisons except 
red squill; so a separation of data on male 
and female rats is here made only for that 
poison. And although data on young rats 
are included in the table giving nightly con- 
sumptions of plain corn, no sexually immature 
rats were used in the poison experiments, 
thus obviating any variation attributable to 
age. 

The poisons used came from the same con- 
tainers as in the preceding work, with the 
exception of sodium fluoroacetate (1080) and 
arsenic trioxide, supplies of which had been 
exhausted. The new samples of these two 
poisons were reassayed by stomach tube, ac- 
cording to the method previously described,^ 
and 52 additional wild Norway rats were 
used to check the toxicity figures previously 
obtained for the other poisons. No substan- 
tial changes in toxicity were detected and ac- 
cordingly the LD50 figures previously ob- 
tained for strychnine sulfate, alpha-naphthyl 
thiourea (ANTU), thallium sulfate, fortified 
red squill and barium carbonate were allowed 
to stand. 

Results. Plain Cornmeal. The average 
amounts of unpoisoned cornmeal eaten by the 
rats during the prebait period are shown in 
Table I. They have been broken down ac- 
cording to size of rat and sex, to show that 
the average consumption increased from 6 to 
10 g for immature rats up to more than 18 g 
for full grown males. Individual large rats 
had intakes as high as 30 g on the second 
night, and a few ate more than 25 g both 
nights. 

In each weight range the females seem to 
have eaten somewhat less than the males, al- 
though not significantly less in the young adult 
classes (100 to 299 g body weight). On the 
average all but the small rats ate more the 
second night than they did the first, indi- 
cating a certain hesitation to eat what was 
presumably an unfamiliar food. Only 24 
rats (not included in the tabulation) refused 
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TABLE I. 


Consumption of Conimeal on 2 Successive Nights by 565 Wild Norway Bats.* 


Wt Tange 

No. rats 

Avg body wt, g 

Avg consumption, g 

r -\ 

1st night 2nd night 

Below oO g 

43 

47.0 

8.0 

7.1 


3$ 

47.0 

6.3 

6.0 

50- 99 

49 3 

80.0 

10.3 

10.0 


63$ 

73.8 

9.7 

9.4 

100-199 

513 

liO.5 

10.7 

11.1 


86$ 

144.5 

10.3 

11.2 

200-299 

743 

249.0 

12.7 

14.6 


77$ 

251.5 

13.5 

14.5 

300-399 

63 3 

. 342.1 

15.6 

17.8 


60$ 

343.4 

13.9 

16.4 

400-199 

19 3 

435.5 

16.4 

18,4 


13$ 

427.4 

14.3 

16.4 

>500 

33 

543.0 

11.8 

17.0 


0$ 

— 

— 

— 


* Not including data ou 23 additional rats which refused to eat the first night, and 1 rat 
which refused both nights. 


to eat any cornmeal on the first night, a 
ratio of approximately one refusing rat in 24, 
or 4%, and of these all but one ate well the 
second night. 

Poisons. The kills obtained with various 
percentages of each poison are given in Table 
II, which also lists for comparison the acute 
median lethal doses (LD50’s) of the poisons 
as determined by stomach tube administra- 
tion. The lowest poison concentrations at 
which complete kills were obtained are seen 
to range from 0.1% for thallium sulfate to 
5% for female rats receiving squill. No bait 
containing strychnine sulfate or barium car- 
bonate killed all the rats receiving it, nor was 
any concentration of red squill completely 
successful against both male and female rats. 

In general, the higher the concentration of 
any poison, the more rats died from eating it. 
This was, however, not true for strychnine 
sulfate and squill: for these, some fatalities 
occurred throughout the range but increasing 
the concentration did not increase the efficien- 
cy of the bait. 

The reduced consumptions of bait resulting 
from the addition of the various poisons to 
the cornmeal are shown in Table III, which 
gives data on the same rats as Table 11. 


This shows that the amount of bait con- 
sumed decreased fairly regularly with in- 
creasing content of poison. At the levels 
marked with asterisks, which were the lowest 
concentrations killing all the rats used, the 
average intakes were reduced to 14% of pre- 
bait for 1080, 21% for female rats receiving 
squill, 28% for ANTU, and 30% for zinc 
phosphide. No reduction at all followed the 
introduction of thallium sulfate into the bait 
at the equivalently lethal concentration. Re- 
duced intakes are seen also for strychnine and 
barium carbonate, but even with these poisons 
a total refusal to eat never occurred. 

Discussion, From a practical standpoint, 
experiments such as these serve only to indi- 
cate what will happen under field conditions. 
Just as toxicity figures based on administra- 
tion by stomach tube represent the irreduci- 
ble minimum of poison which is likely to kill, 
so^ results with trapped and individually caged 
wild Norw^ays merely show what percentages 
of poison in bait can be expected to kill under 
the most favorable conditions in the field 
Captive wild rats have been removed from 
their normal environment and may well be 
suspicious of any food offered them; on the 
other hand they are not subject to distrac- 
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TABLE II. 

Comparative Killing Concentrations. 

(Voluntary consumption of poisons in cormneal bait by ^Yila Norway rats; morbility ratios 
(rats uying/rats used) for each poison are listed opposite the appropriate concentrations. The 
median lethal doses and their standard errors are added for comparison at the bottom of the 

u ^ 


Cone, 
in bait 


Strychnine 

1080 SO 4 ANTU TI 0 SO 4 ZngPo AsoO, Squill BaCO. 
(36 rats) (20 rats) (36 rats) (36 rats) (40 rats) (24 rats) (24$, 24^) (20 rats) 


.01% 

2/ 4 



.02 

1/ 4 


0/4 

.05 

10/12 

i/-t 

4/8 

.1 

7/ 8 

0/4 

1/4 

2 

8/ 8 

5/8 

5/8 

.5 


0/4 

4/4 




8/8 


4 

5 

6 

10 

15 

20 

50 


0/ 4 

11/12 2/8 

8/ 8 1/4 

8/8 

8 / 8 

4/ 4 4/4 

7/8 

8/8 


0/4 




1/4 




6/8 

5/8 

1/S 


4/4 

4/4 

1/4 


4/4 

2/4 

0/4 

0/4 




3/4 


2/4 

0/4 

3/4 


2/4 

2/4 

7/8 


Lowest cone, 
killing all 
rats, % 
LL 50 Acute,* 
mg/hg 

0.2 


0.5 

0.1 

0.2 

4 

5 



0.44 

4.8 

6.9 

15.8 

40.5 

57.5 

133 

276 

1180 

(± S.E.) 

±0.19 

ri:0.4 

±0.5 

±0.9 

dt2.9 

±7.0 

±10 

±29 

±340 


* Values for 1080 and AS 0 O 3 from Table IV, the rest from reference 


TABLE III. 

Average Voluntary Intakes of Poisoned Cornmeal Showing Lowered Consumptions with 
Increasing Concentrations of Poisons/ 


Cone, 
in bait, % 

1080 

g 

Strychnine 

SO 4 

g 

ANTE 

g 

TJoSO^ 

g 

Zn^Po 

g 

AS 0 O 3 

g 

Squill 
9jS 3yS 

B.1CO3 

e 

0 (prebait) 

15.4 

16.0 

14.0 

15.2 

13.8 

15.6 

16.4 17.4 

14.7 

.01 

9.1 








.02 

2.6 


9.0 

11.0 





.05 

3.3 

7.7 

8.0 

15.7 

10.3 




.1 

2.4 

6.1 

5.7 

15.5* 

6.4 




.2 

9 0 # 

4.1 

2.7 


4.1* 




.5 


2.8 

4.1* 

8.4 


2.9 



1 



1.2 

6.9 

2.0 

0.9 




2 

4 

o 

6 

10 

15 

20 

50 


1.7 


1.3 


1.7 

lA* 

0.6 


9.7 8.7 

3.4* 4.9 

0.4 3.5 

1.0 0.2 

0.8 1.3 


1.5 

4.0 

2.4 

3.4 


* The prebait figure in each case is the average intake of all rats used for that poison. The 
ikes of poisoned bait at the lowest concentrations giving complete kills arc marked with 
(ATortality data on these same rats are given in Table IL) 


intakes 

asterisks. 


tions such as other food supplies, or disturb- 
ances resulting from attacks by other rats or 
natural enemies, which could influence their 
food consumption. It is, for instance, un- 
likely that ever" unwanted rat would have 

k 


the opportunity or even the inclination to eat 
15 or 20 g of a 0.1% thallium sulfate bait at 
one sitting, and therefore poisoning ^yith so 
low a concentration, while very efneient in 
the laboratory, might easily prove futile for 
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TABLE lY. 


Eeassays of 1080 awd Arsenic Trioxide* 

(Administered by stomach tube, iu water .eoutaining 10% acacia, to recently trapped wild 
ISTonva}* rats (methods described in Bef, i). 


Poison and source 

Dose, 

nig/kg BW 

Mortality 

LD-a S.E. 

B W 

1080 

0.2 

1/4 

0.-44 Hr 0.19 

(Alonsauto Cliemical Co.) 

0.3 

2/1 



0.5 

4/7 



1 

4/G 



2 

7/S 


AsoOs 

25 

0/4 

57.5 ± 7.0 

(Malliuhrodt, analytical) 

50 

3/S 



75 

3/4 



100 

1/1 



practical purposes. But it can be said that 
any poison not effective in laboratory feeding 
tests such as these will undoubtedly kill far 
fewer rats in the field. 

On the basis of the above results, then, 
1080, ANTU, thallium sulfate, and zinc phos- 
phide should be good and efficient rodenti- 
cides; arsenic trioxide (of good grade and with 
small particle size) slightly less so; while per- 
fect control of Norway rat populations should 
not be obtainable through the use of red squill, 
barium carbonate, or strychnine sulfate. 

The value of prebaiting is indicated by the 
fact that rats did not entirely refuse to eat 
baits containing the very bitter strychnine 
sulfate, or even concentrations of red squill 
as high as 50%, after they had had access to 
the same (unpoisoned) bait for 2 nights pre- 
viously. 

The reduced intakes of bait after adding 
poison may be ascribed either to early detec- 
tion of the poison by the rats and subsequent 
refusal, or to the rapid onset of toxic reactions 
making the rats too ill to do more than sample 
the bait. In the case of 1080, which rats do 
not taster the second is probably the deter- 
mining factor. For strychnine sulfate, the 
bitter taste is undoubtedly the deterrent. For 
most of the others it is more difficult to dis- 
tinguish between the two possibilities. Thal- 

2 Ricliter, C. P., in press. 


Hum sulfate appears to be entirely undetected 
by the rats, and, were it not for the hazard to 
humans involved in its use, would seem to be 
the ideal rat poison. 

Summary. The relative efficiencies of 8 
common rodenticides were determined by of- 
fering the poisons to recently trapped wild 
Norway rats in a standard bait (freshly 
ground cornmeal) under standard conditions. 
The voluntary consumption of baits contain- 
ing sodium fiuoroacetate (1080), alpha-naph- 
thyl thiourea (ANTU), thallium sulfate and 
zinc phosphide resulted in complete kills at 
concentrations of 0.5% or lower. A sample 
of arsenic trioxide of relatively high toxicity 
required a concentration of 4% for a com- 
plete kill. All the female rats offered 5% 
of a good grade of fortified red squill died, 
but higher concentrations, and all concentra- 
tions offered to male rats, gave only partial 
kills. Barium carbonate gave good but not 
complete kills at concentrations up to 50%, 
while strychnine sulfate killed few rats in 
the range tested. 

The amounts of unpoisoned cornmeal con- 
sumed on 2 successive nights, by male and 
female wild Norway rats in various weight 
groups were determined. The addition of 
every poison except thallium sulfate to the 
cornmeal caused a considerable reduction in 
intake, owing either to recognition of the poi- 
son or to a rapid onset of toxic effects. 
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Deci cases in Plasma Volume During Electrically Induced Convulsions 

in Man. 

M.-D. Altschule and J. E. Cline. 

From the Lahoratory of Clinical Fliysiology, McLean Eospital, Waverley, and the Department 
of Medicine, Sarvard Medical School, Boston, Mass. 


Electrically induced convulsions as used in 
the treatment of mental disease consist of a 
brief period of generalized muscular contrac- 
tions of maximal vigor; they are associated 
with marked rises in intrathoracic and intra- 
abdominal pressures and the development of 
anoxia. Studies made here on the effects of 
electroshock therapy have afforded data bear- 
ing on problems connected with the physiolo- 
gy of violent physical exercise; it was con- 
sidered of interest to describe the changes in 
plasma volume which occur during this type 
of muscular exertion. 

Material and methods. Thirteen subjects 
were studied, 8 of whom were women. Cardio- 
vascular function was normal except for mild 
hypertension in several. Two of the subjects 
were studied twice each, the rest being ob- 
served in one treatment each. Three of the 
women (Cases 11, 12, 13) were studied during 
convulsions moderated as a consequence of 
the previous intravenous injection of curare 
(solution Intocostrin or solution d-tubocura- 
rine Squibb); in one of these (Case 11) 
observations had also been made during a 
seizure induced without the previous injection 
of curare. 

The plasma volume was measured by the 
short indirect method of Gibson and Evans, ^ 

4 samples of venous blood being taken over a 
period of 30 to 40 minutes immediately before 
the induction of the seizure, and another be- 
ing taken immediately at the end of the con- 
vulsion; in 5 instances an additional sample 
was taken 15 minutes later. The concentra- 
tion of dye in each sample of plasma was esti- 
mated by means of a Coleman Junior Spectro- 
photometer. The plasma protein concentra- 
tion was estimated in 5 patients by means of 

iGibsouT^* Ewniis, W. A., Jr., 

J, Clin. Invest., 1937, 1C, 301. 


the copper-proteinate method;- measure- 
ments of plasma protein so made were used 
to estimate changes in plasma volume using 
the following formula: 

plasma volume before X 

plasma volume plasma protein before 

after seizure r= 

jilasma protein after 

Observations. The plasma volume was 
diminished at the end of the convulsive 
seizure in every instance; the decreases 
ranged between 50 cc and 1040 cc, or 1.7% 
to 34.7% of the original values (Table I, Fig. 
1). In the case of the men, the decreases 
were between 9.0% and 34.7% of the control 
levels, the average being 19.4%. The largest 
decrease occurred in a young muscular athlete 
in good condition (Case 1), while the smallest 
decrease in this group was observed in a 
weak, malnourished, middle-aged individual 
who had led a sedentary life for several 
decades (Case 5). One patient, studied twice, 
showed diminutions in plasma volume of 25.8 
and 17.9% on the two occasions. In the un- 
curarized women, diminution- in plasma vol- 
ume immediately after tlie convulsion 
amounted to between 7.3 and 13.7% of the 
control values; the average was 10.5%. The 
curarized women showed decreases of 1.7 to 
4.7% of the control values for plasma volume, 
changes which are not significant; the average 
change was 3.2%. One woman studied twice 
showed a decrease in plasma volume of 7.3% 
when not given curare, and of 3.1% when cur- 
arized. 

Fifteen minutes after the seizure the plas- 
ma volume as a rule was partially restored to 
its original value (Table I). 

Disettssion. Kaltreider and Meneely^ re- 

Phillips, R. A., Van Slyke, D. P., Vole,, V. P., 
Emerson, K., Jr., Hamilton, P. B., an«l .VrcliibaM, 

R. XI., Bull. V. S. Army Med. Dept., 1043, 7i, 00. 
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‘ TABLE I. 

Clianges in Plasnja Volume and Plasma Protein Concentration After Conmlsions. 


Case 

Sex 



Plasma volume 


Plasma protein, g % 

Before, 

ce After, cc Difference, % 

15 miu. later, ce 

r 

Before 

After 

15 min. later 

1 

M 

3000 

1960 

34.7 

2740 

6.86 

8.17 

7.53 

‘2a 


3000 

2225 

25.8 





‘2b 

2^1 

2600 

2135 

17.9 





3 

M 

3130 

2610 

16.G 

2900 

6,69 

7.29 

7.08 

4 

M 

3910 

3430 

12.3 

3430 

5.45 

6.44 

6.08 

5 

M 

3050 

2775 

9.0 






Avg— 

-Men 


19.4 





6 

P 

1420 

1225 

13.7 





7 

P 

1750 

1520 

13.1 





8 

F 

2460 

2190 

11.0 





.9 

P 

2140 

1940 

9.4 

2210 

6.27 

7.16 

6.49 

10 

P 

2360 

2160 

8.5 





11a 

P 

2120 

1965 

7.3 






Avg- 

-Women 


10.5 






Avg- 

-Men and 

■women 

14.9 





lib 

P 

2130 

2065 

3.1 





12 

P 

1910 

1820 

4.7 





13 

F 

3010 

2960 

1.7 

2910 

5.37 

5.64 

5.73 


Avg- 

-Curarized 

•women 

3.2 






viewed the earlier work on the effect of exer- 
cise on the plasma volume and added addi- 
tional data; much of the previous work was 
fragmentary or carried out by means of 
methods of doubtful validity. Indeed, the 
validity of the method of Gibson and Evans^ 
used by Kaltreider and Aleneely,^ and also 
in the present study, has not been established 
in exercising subjects. In view of the fact 
that the dye used in that method is attached 
to albumin,^ it is clear that if this protein left 
the vascular bed during exercise the decreases 
in plasma volume as measured would be small- 
er than the actual decreases. It appears, 
therefore, that the decreases in plasma volume 
which occur during exertion actually are as 
large as those reported by Kaltreider and 
^leneely^ and in the present study, or possibly 
greater. A criticism of the validity of the 
method during exertion advanced by Ebert 
and Stead^ is more serious; those authors re- 
ported a change in optical quality of the 
serum after exercise, which in 5 of their 6 
experiments was large enough to introduce 
serious errors into the measurement of plasma 

3 Kaltreider, N. L., and Meneely,'G7 R.Tj. Cf7ii . 
Invest,, 1940, 10, G27. 

^Gregerson, M. I., and Gibson, J. G., Am. J. 
Physiol,, 1937, 120, 4.04, 

‘‘Ebert, R. E., and Stead, E. A., Jr., Proc. Soc. 
Exe. Biol. .\xd Med., 1941, 40, 139. 


volume with the dye method. These errors 
were detected by Ebert and Stead^ by means 
of the large discrepancies found ivhen de- 
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TABLE II, 

Plasma Yolunic Immediately After CouvulsioH . 


Case 

Measured by 
dye method, 
cc 

Caleulated from 
changes in 
plasma protein, 
cc 

Avg 

deviation, 

% 

1 

1900 

24S0 

± 11.7 

3 

2010 

28T0 

It AS 

4 

3430 

3310 

rt l.S 

9 

1940 

1S70 

It 1.8 

13 

2900 

2ST0 

i: 1.5 


TABLE III. 

Plasma Volume 15 Minutes After Convulsion. 


Calculated from 


Case 

Pleasured by 
dye method; 
ec 

changes in 
plasma protein, 
cc 

Ayg. 

deviation, 

% 

1 

2740 

2740 

- 4-0 

3 

2900 

3060 

±2.7 

4 

3430 

3510. 

-f- 1,2 

9 

2210 

2050 

±3.8 

13 

2910 

2820 

-4-1.6 


creases in plasma volume during exercise 
were, on the one hand, measured by the dye 
method, and on the other hand^ calculated 
from changes in plasma protein concentration. 
In the present study, a similar comparison was 
made in 10 experiments. In 4 of the 5 based 
on studies made immediately after the con- 
vulsion there was satisfactory agreement be- 
tween the two methods, /.e., the plasma vol- 
umes calculated by the two methods agreed 
with each other within 4.8% of the mean of 
each pair of values; there was no consistent 
directional difference between the two (Table 
II). In one of these 5 experiments agree- 
ment was not as good, the two values differ- 
ing from each other by 1L7% of their mean. 
In a comparison of data obtained 15 minutes 
after the convulsion in 5 experiments, good 
agreement was found between plasma volumes 
as measured by the dye method and those 
calculated from changes in plasma protein 
level (Table III). It is concluded, therefore, 
that Uie criticism of the dye method in exer- 
cise made by Ebert and Stead* is not substan- 
tiated by the present data in that whatever 
changes in optical properties of serum may 
occur are not significant in measurements of 
plasma volume by this method; possibly 
the longer duration of their exercise or the 


fact that our subjects were fasting may ex- 
plain the differences found. 

The finding in the present study of de- 
creases in plasma volume in uncurarized sub- 
jects of 7.3 to 34.7%, averaging 14.9%, is 
smaller than expected on the basis of com- 
parison with the data of Kaltreider and 
hleneely,*^ However, conditions in the e.xperi- 
ments of these authors were so different from 
those of the present stud}^ as to invalidate 
direct comparisons. The rises in venous pres- 
sure, and presumably also in capillary pres- 
sure, were far greater in our experiments than 
in those of Kaltreider and Meneely;*^ the 
increases which occur in uncurarized subjects 
during electrically induced convulsions aver- 
age 53 cm of water and in curarized subjects 
average 23 cm of water.*^ However, as Landis'*''^ 
pointed out, increased filtering pressure ac- 
counts for only a small part of the loss of 
fluid from the circulation during muscular 
exercise. Aloreover, during electrically in- 
duced convulsions the rises in venous and 
capillary pressures which occur do not be- 
come increased effective filtering pressures 
every^vhere, because of the simultaneous, ap- 
proximately equal, rises in in tra thoracic,® in- 
tra-abdominal® and cerebrospinal fluid pres- 
sures.^® Accordingly, blood drawn after the 
end of a seizure, as in the present study, is a 
mixture of some blood exposed to high filter- 
ing pressures and some exposed to normal fil- 
tering pressures in the small vessels. Ac- 
cordingly, little significance can be attached 
to the fact that the average decrease in plasma 
volume found here in uncurarized subjects, 
i.e., 14.9%, is close to that found by Landis 
et aL le., 12.0%, when those authors arti- 
ficially raised venous pressures in the arm to 
a level comparable to that reached in patients 

TAlTsclmlc^ M. B., and Tillotsoii, K. X, JreJu 
Ki'uroh and Psi/chiat., in press. 

7 Landis, K Phj/slol AVt'., 1.034, 1-*. 404. ^ 

s Landis, E. M., Ann. Snp Tori' Acad, SVt, 1940, 
4G, 713. 

Gordh, T., and Silfverskiold, B. P., Act, Med, 
Scamlinav.f 3943, IIB, 1S3. 

lOMarsan, C. A., and Euortes, O. Piv, di 
XeuroL, 1947, 17, 1. 

n Landis, E, M., Jonas, L., Aiigevine, IL, ««d 
Erb, W., X C/in. I/nrs/., 1932, 11, T17, 
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experiencing induced seizures; the similarity 
of'the findings does not constitute an argu- 
ment for the importance of increases in filter- 
ing pressure in causing the changes in plasma 
volume observed in the present study. 

The effects of other factors \Yhich operate 
during induced seizures are similarly impos- 
sible to evaluate. These factors include se- 
vere anoxia and hypercarbia/- muscular hy- 
peremia with consequent increases in filtering 
surface due to vigorous muscular contrac- 
tions^^ and increased transudation of fluid, 
of uncharacterized etiology, from the vessels 
of exercising limbs.® Likewise, it is impossi- 
ble to establish significance of the osmotic 
effects of muscle cell metabolites, considered 
to result in the drawing of water from the 
small blood vessels during exercise."-® Until 
the factors which regulate loss of water from 
the circulation during exercise can be defined 
precisely, it will not be possible to analyze the 
mechanisms responsible for the loss of circu- 
lating fluid which occurs during the course of 
electrically induced seizures. Nevertheless, 

Altschule, M. D., Sulzbacli, W. M., and Tillot- 
son, K. J., ^m. J. Psychiat., 19-17, 103, 6S0. 

13 Landis, E. M., Jni. J, PhijsioLy 1931, 98, 701. 


the data of the present study show a parallel- 
ism between the violence of the convulsions 
induced and the decreases in plasma volume 
which occurred; the average decrease in men 
was 19.4%, in uncurarized women 10.5% 
and in curarized women 3.2%. 

It is clear from the present study that the 
losses of fluid from the circulation, and their 
possible consequences, are not essential for 
obtaining a satisfactory clinical result in pa- 
tients given electroshock therapy. 

Suuimary and conclusions. ^Measurements 
of plasma volume were made 15 times in 13 
subjects in whom convulsions w^ere induced 
electrically for the treatment of mental dis- 
ease. Decreases in plasma volume were ap- 
preciable and varied in amount with the se- 
verity of the seizures induced. The previous 
administration of curare moderated the con- 
vulsions and minimized decreases in plasma 
volume. It is concluded that the method of 
Gibson and Evans^ for measuring plasma 
volume is valid under the conditions of the 
present study. It is also concluded that the 
transitory decreases in plasma volume which 
occur during electrically induced convulsions 
are a side reaction and are not essential for 
obtaining a satisfactory clinical result. 
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Urinary Penicillin Excretion in Women, 

Milton J. Golden, Franz M. Neumeier, and Kurt A. Oster. 

Prom ihc Research Laboratories j McKesson and PobhinSj Inc., Bridgeport , Conn. 


The effectiveness of antacids in preventing 
penicillin destruction by gastric acidity has 
been measured} by studies of the urinary re- 
covery of orally administered penicillin.^-^ In 
these investigations, male subjects had to be 
studied, since reproducible values were not 
obtainable with female test persons. This re- 
port is concerned with the determination of a 

1 Golden, J,, and Neumeier, E. M., Science, 
1946, 104, 102. 

- Perlatein, D., Kluener, R. G., and Liebmaun, 
A. J., Science, 1945, 102, 66. 


possible relationship between renal clearance 
of penicillin and the menstrual cycle. 

Methods. Three healthy, young, adult 
women volunteered for these studies. For 
each test 25,000 units of commercial sodium 
penicillin were dissolved in 200 cc of an aque- 
ous solution or suspension of 2 g of buffer or 
antacid and were taken orally 2 hours after 
a light breakfast consisting of fruit juice, 
coffee, and a slice of toast. No food was 
taken in the following 2 hours. The antacids 
were the same as previously used:^ sodium 
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Cb the onset of menstruation lastin^r three^davs. 

' Sodium bicarbonate 

Sodium citrate 
Antacid mixture 

bicarbonate U.S.P., sodium citrate U.S.P. and 
an antacid powder containing sodium bicar- 
bonate, colloidal kaolin, magnesium trisili- 
cate and bismuth subcarbonate. Physiologi- 
cal saline served as control. Urine was col- 
lected in sterile glass-stoppered bottles one- 
half hour after penicillin administration and 
thereafter at hourly intervals for 6 hours. The 
volumes of urine were determined, and the 
samples were assayed, using the FDA cylin- 
der-plate method of January 1945 {Staphylo- 
coccus aureus FDA No. 209). A standard 
penicillin assay curve was prepared daily for 
comparison with the unknowns. 

When the frequency and duration of the 
menstrual periods were established for each 
subject, identical doses of penicillin plus ant- 
acid were given with reasonable spacing from 


for at ^ interrupted 

^ '"“"‘h’s tests, 

of the^S^' ^ ^ ^ representative e.xample 

teApressed_ m O.xford units) recovered from 
urine m 6 hours with different buffers at 
menstrual cycle clot 

half hoa^f "’“S'raalion. The Brat 

paesen.,..heTLr;ttVet.“'S 

It IS apparent from the data that the re- 
overy of penicillin in the urine is increased 
hin Oral administra- 

small penicillin recovery in the urine con- 
firming the statement that unbuffered penicil- 

alighLtm a "" '» “ 

D/scussion. The increase in urinary peni- 
c Hm e.xcretion preceding menstruation may be 
attribut^ either to an increased- absorption or 
decreased destruction of penicillin from the 

c etion. The actual mechanism will be in- 
vestigated further. The data here presSited 
may aid in e.vplaining the discrepant reports 

'■^“very in women 
a ter the oral administration of buffered peni- 

sS cyil '» »“■ 

Suumory. A marked increase in urinary 
e.xcretion of orally ingested penicillin has been 
observed m women immediately preceding 
menstruation. The physiological mechanism 
^^_^^^|fPhenoi^nTs under investigation. 

a Rammelkamp, 

/>n'c.tf., 1943, 23, 43o. 
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Action of Furacin in Delaying Growth of a Transplanted Fibrosarcoma 

in Mice.^ 

Morris N. GREENt and Charles E. Friedgood.J (Introduced by Stuart iludd.) 
From the Departments of Bacteriology and Surgical Research, Medical School, University of 

Tenn^yX va n ia, Ph Uadel phia. 


Relatively little is known regarding the 
chemotherapy of tumors. Greenberg and 
Schulman^ recently suggested that the search 
for new chemotherapeutic agents against neo- 
plasms might be facilitated by using the 
“metabolite antagonism” approach. This con- 
cept has been extensively applied in research 
directed towards finding new antibacterial 
agents. 

Furacin^^ ( 5-nit ro-2-furaldeh3^de semicarba- 
zone) inhibits the growth of a large number 
of gram positive and gram negative bacteria.- 
Green^ recently has shown that furacin in- 
hibits bacterial enzymes involved in glucose 
and pyruvate metabolism. The following ex- 
periments were designed to test the effect of 
furacin on growth of a transplanted fibro- 
sarcoma. 

Materials and methods. Forty adult inbred 
C3H mice of the Andervont strain were used. 
They were all transplanted with an equal 
amount of mouse sarcoma 5-13^ into the right 
axillary space. 

* This work was supported by a grant from tiie 
Eaton Laboratories, lue., Xorwieh, X.Y, 

t Present address: School of iledicine, "Uni* 
versity of Missouri, Columbia, Mo. 

i Present address : Mt. Sinai Hospital, Kew 
York, X.Y. 

1 Greenberg, D. M., and Schulman. M. P., Sci- 
ence, 1947, 100, 271. 

^ Puraeiu was supplied by I)r. L. Eugene Daily 
of the Eaton Laboratories. 

2 Dodd, M. C., J. Pharm. pxp. Therap., 1940, 
80, 311; Shipley, E. R., and Dodd, M. C., 

Gyn., Ohsi,, 1947, ai, 300. 

3 Green, M. X., Fed, Proe,, 194S, 7, 305; iu 
press, ^IrcXt. of Biochem. 

jj The original tumor was supplied by Dr. Mar 
garet R. Lewis of the IVistar Institute. It gives 
1009c takes on transplantation in this strain of 
niiec. 


Furacin was prepared for injection by sus- 
pending finel}^ powdered crystals in peanut 
oil, using a concentration of 200 mg per niL 
The furacin was administered by subcutaneous 
injection in the dorsal region. 

The animals were divided into 4 groups of 
10 each and treated as follows: 

Group / One week after transplantation, 
0.1 mi of furacin suspension (containing 20 
mg of furacin) was injected. 

Group 11 Three da^^s prior to transplanta- 
tion, the animals w^re given 0.1 ml of the fur- 
acin suspension followed by another injection 
of the same dose a week after transplantation. 

Group 111 This group were also injected 
\vith O.i ml of the furacin suspension 3 days 
prior to transplantation, again after one w^eek 
and 2 w’^eeks after transplantation. 

Group IV This was the control group. The 
tumor w^as transplanted as in the other groups 
but no furacin was given. 

All the animals \vere housed in wire cages 
and 'ivere fed Purina Fox Chow stock diet. The 
tumors were palpated periodically and the 
progress of growth recorded. At the time of 
death the animals were autopsied and sections 
of the tumor, lung, kidney and adrenal glands 
were prepared for microscopic examination. 

Results. Table I shouts the effect of fura- 
cin in prolonging the life span of the tumor- 
bearing mice. It will be noted in Table I 
that there was less than one chance in a 
thousand that the differences in the average 
survival of the furacin-treated and control 
groups could be due to chance alone. Al- 
though furacin exhibited a definite inhibitory 
effect on the growth of the tumor, eventually 
all the animals died as a result of the malig- 
nancy. The most effective retardation of 
grow’th was obtained with three doses of fura- 
cin (Group III). Under these conditions, the 
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TABLE I. 

Survival Time in Days of :Miee After Imphntation of S-13 Tumor and Treatment with Furacin. 


Group 

Treatment* 

Avg 

survival (^X) 

Eange 

Stand. Dev. 

tf 

rt 

I 

20 ing furaeiu inj. 

29.2 

22-34 

3.55 

5.70 

>0.001 

II 

40 

34.2 

30-42 

3.00 

8.93 

>0.001 

III 

GO ^ ' 

37.4 

30-47 

4.GS 

0.27 

>0.001 

IV 

Control 

20.9 

18-25 

2,63 




For details of treatment see under description of methods in text. Each group contained ten mice. 


9 9 

t A value of t := 4.781 gives a chance variation (P) of 0.001. 


tumor transplant was not palpable for 2 
weeks, while in the control group, the tumor 
was palpable at the end of 5 days following 
transplantation. There was no evidence of 
metastasis in any of the animals; the fibrosar- 
coma growing locally was well encapsulated. 
In the treated animals, there was microscopic 
evidence of cellular degeneration with pykno- 
tic nuclei and decreased mitotic activity of the 
tumors in the treated mice as distinguished 
from those in the untreated controls. The 
furacin was largely absorbed because only 
negligible amounts of the drug were observed 
at autopsy at the site of injection. 

It is of interest to note that adrenal en- 
largement was observed in the furacin treated 
animals. Histologically the fascicular zone 
of the cortex appeared hypertrophied. The 
effect of furacin on the adrenal cortex will be 
reported in a subsequent paper. Using fura- 
cin in the doses described above, there was 
no evidence of parenchymal damage to the 
liver, kidney or lungs. 

Discussion, These experiments indicate 
that furacin may inhibit the growth of neo- 


plastic tissue. The -histological findings in 
the treated tumors indicate that furacin has 
a selective effect on the tumor tissue. Ex- 
periments are being continued to deter- 
mine which factors e.vplain the action of fura- 
cin in inhibiting tumor growth. 

Summary, Furacin inhibits the growth of 
mouse sarcoma S-13 in C3H mice. The 
average survival time of the control mice 
after implantation of the tumor was 21 days. 
The average survival time of the fiiracin- 
treated mice varied from 29 to 37 days, de- 
pending on the amount of the furacin given. 
Histological e.xaniination of the treated tu- 
mors reveal some cellular degeneration and a 
lessened mitotic activity. Hypertrophy of the 
adrenal cortex and symptoms of B complex 
vitamin deficiency were observed in the fura- 
cin-treated animals. 

The authors 'wish to thank Dr, 3fargaret KceU 
Lewis of the "Wistar Institute for her generous 
advice and interest in this problem as well as for 
cooperation in supplying the tumors and nniinaJs 
used in these experiments. We are also indebted 
to Dr, Stuart ^ludd for his interest and support. 
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Effect of “Neurotripsy” on the Partially Denervated Muscle of the Dog.* 

J. N. Frederick axd A. J. Kosmax* (Introduced by J. S. Gray.) 

From the Department of FhysioJogy, yortliicestem University ^£€dical Scliooh Chicago, III. 


Regenerating nerve fibers may produce an 
increased number of axone branches. Billig, 
van Harreveld, and Wiersma^ have applied 
this principle in their treatment of paretic 
muscles by a procedure which they have 
called “neurotripsy.” This technic consists 
of either crushing the nerve as it enters the 
paretic muscle — surgical “neurotripsy” — or 
of a forceful massage of the affected part 
which is directed at breaking nerve fibers 
within the muscle sheath — closed manual 
“neurotripsy.” Upon regeneration of the trau- 
matized or broken nerve fibers, it is assumed 
that an increased number of axone branches 
may innervate a greater number of motor end 
plates. According to these authors, “neuro- 
tripsy,” performed on muscles paralyzed* by 
anterior poliomyelitis, has resulted in an in- 
crease in strength of approximately one half 
of a grade rated according to the Lovett Sys- 
tem. Maximum efi'ect was obser\^ed after 
about one year, although a considerable pro- 
portion of the total improvement was evident 
at 3 months. !Muscles of low rating seemed to 
respond better than those of higher ratings. 
Increases in action potentials were parallel to 
increases in strength. 

Prior to the report by these authors, Hines, 
Wehrmacher, and Thomson^ had found that 
crushing the tibial ner\^e to the partially de- 
ner\^ated gastrocnemius muscle of the rat re- 
sulted in a decrease in strength and weight of 
the muscle. Hodes^ observed in patients with 
anterior poliomyelitis that there was a decrease 
in the action potentials of paretic muscles dur- 
ing the first four months following closed 

* This work was aided by a grant from the 
National Foundation for Infantile Paralysis, Inc. 

1 Billig, H. E., van Harreveld, A., and Wiersma, 
G. A. G., J. Xcuropath. ond Fxp. Xeur,, 1946, 5, 1. 

‘-Hines, H. M., Wehrmacher, \V. H., and Thom- 
son, J. D., Am, J. Fhysioh, 1945, 14o, 4S. 

3 nodes, R., Fed. Proc., 194S, 7, 56. 


manual “neurotripsj'.” From 4 to 8 months 
after the operation the action potentials were 
slightly greater than those of controls and at 
more than 8 months there was an average 
increase in action potentials of 22%. Muscles 
which showed no electrical activity before the 
operation likewise showed no electrical activi- 
ty after the operation. 

This article is a preliminary report on 
studies which were undertaken to determine 
the effect of closed manual “neurotripsy” on 
the partially denervated anterior tibial muscle 
of the dog. The plan was to produce a par- 
tial, pure motor denervation of the anterior 
tibial bilaterally, to subject one anterior tibial 
to the operation, and to use the other as the 
control. For this experiment to be valid the 
following conditions would have to be ful- 
filled: 

1. The strength and weight of the two 
normal anterior tibial muscles must be closely 
correlated. 

2. The contribution of the ventral root 
of each spinal nerve supplying the anterior 
tibial must be determined. 

3. The contribution of the ventral root 
of each spinal ner\‘e must be the same for 
both left and right anterior tibial muscles. 

4. Following bilateral section of identical 
ventral roots, the rate of atroph}^ and strength 
loss of the two muscles must be closely cor- 
related. 

Method. The partial denervation was ac- 
complished by sectioning the ventral root of 
Lg bilaterall 3 \ Closed manual “neurotripsyi"” 
was performed on one anterior tibial muscle 
three months later and the animal sacrificed 
5 monthrs after the initial lesion. Autopsy 
was performed to check for any ner\‘e regen- 

t We wish to acknowledge the valuable instruc- 
tion of Dr. B. T. HcElvenny of the Department of 
Bone and Joint Surgery in the performance of this 
operative technic. 
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Furacin in Growth of Transplanted Fibrosarcoma in Mice 


T^VBLE I. 


Survival Time in Days of Mice After Implantation of S’13 Tumor and Treatment Puraein. 


Group 

Treatment^ 

Avg 

survival (M) 

Range 

Stand. Dev. 
(c) 

tt 

vt 

I 

20 mg furacin inj. 

29.2 

22-34 

3.55 

5.7G 

>0.001 

II 

40 

34.2 

30-42 

3.150 

8.93 

>0.001 

III 

(50 ’’ ” 

37.4 

30-47 

4.GS 

9.27 

>0.001 

IV 

Control 

20.9 

18-25 

2.(53 

— 

— 


* For details of treatmeut see uuder deseriptiou of methods in text. Each group contained ten mice. 

. Ml — Mo 

t t =: = 


9 9 

t A value of t = 4.781 gives a chance variation (E) of 0.001. 


tumor transplant was not palpable for 2 
weeks, while in the control group, the tumor 
was palpable at the end of 5 days following 
transplantation. There was no evidence of 
metastasis in any of the animals; the fibrosar- 
coma growing locally was well encapsulated. 
In the treated animals, there was microscopic 
evidence of cellular degeneration with pykno- 
tic nuclei and decreased mitotic activity of the 
tumors in the -treated mice as distinguished 
from those in the untreated controls. The 
furacin was largely absorbed because only 
negligible amounts of the drug were observed 
at autopsy at the site of injection. 

It is of interest to note that adrenal en- 
largement was observed in the furacin treated 
animals. Histologically the fascicular zone 
of the cortex appeared hypertrophied. The 
effect of furacin on the adrenal cortex will be 
reported in a subsequent paper. Using fura- 
cin in the doses described above, there was 
no evidence of parenchymal damage to the 
liver, kidney or lungs. 

Discussion, These experiments indicate 
that furacin may inhibit the growth of neo- 


plastic tissue. The ^histological findings in 
the treated tumors indicate that furacin has 
a selective effect on the tumor tissue. Ex- 
periments are being continued to deter- 
mine which factors e.xplain the action of fura- 
cin in inhibiting tumor growth. 

Summary, Furacin inhibits the growth of 
mouse sarcoma S-13 in C3H mice. The 
average survival time of the control mice 
after implantation of the tumor was 21 days. 
The average survival time of the furacin- 
treated mice varied from 29 to 37 days, de- 
pending on the amount of the furacin given. 
Histological e.xamination of the treated tu- 
mors reveal some cellular degeneration and a 
lessened mitotic activity. Hypertrophy of the 
adrenal corte.x and symptoms of B complex 
vitamin deficiency were observed in the fura- 
cin-treated animals. 

Tlio authors -wish to thank Dr. Margaret Ileeil 
Lewis of the Wistar Institute for her generous 
advice and interest in this problem as well as for 
cooperation in supplying the tumors and animals 
used in these experiments. We are also indebted 
to Dr. Stuart Mudd for his interest and support. 
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TABLE IV. 

Average Strength and AVcight in Grams of Anterior Tibial Muscles After Neurotripsy on 

One Side. 



0 

11103. after neurotripsy; 5 

animals 

Treated 

Untreated 

t ratio 

■» 

Corr. coef . 

Strength direct stim. 

1980 

2140 

.68 

i819 

Strength sciatic stim. 

1700 

1860 

.88 

.869 

Weight 

o,4S 

0.74 

.88 

.813 


‘‘neurotripsy'^ in the dog should be long 
enough to bring out any improvement result- 
ing from the treatment. Our failure to 
demonstrate any such improvement in ^Yeight 
and strength of the treated muscles would 
indicate that in the dog this procedure does 
not increase the residual innervation of the 
partially denervated muscle. However, addi- 
tional experimental animals with a greater 
degree of denervation are being run for a 
longer period of time following the “neuro- 
tripsy” procedure. 

The results indicate that stimulation of the 
spinal nerves exclusive of Lo yields approxi- 
mately 1000 g of tension for each muscle. 
However, three months after bilateral resec- 
tion of Lo, each muscle showed an average 
strength of approximately 1950 g and 5 


months after bilateral resection a strength of 
approximately 1900 g. This may indicate 
that following partial denervation there may 
be an increase in the residual innervation as 
suggested' by some investigators-*^*^ or hyper- 
trophy of the remaining innervated muscle 
fibers. This phenomenon is being investigated 
further, 

Siwnnary. Treatment of the partially de- 
nervated anterior tibial muscle of the dog with 
closed manual “neurotripsy” produces no 
significant increases in wet weight and muscle 
strength 2 months after treatment. 

^ Weiss, P., and Edds, Jr., Ajh. J. Physiol., 19A6, 
145, 587. 

5 Van Harreveld, A., Am. J. Physiol., 1945, 144, 
477. 
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Isolation o£ Brucella from Apparently Healthy Individuals. 

Leon V. AIcVav, Frances Guthrie, I. D. Michelson, and Douglas H. Sprunt. 
Fro,, I Ihe Pivisio,, of Pathology a„d Bacteriology, The University of Tennessee College of 

^[cdicine, ^enip]ii,Sj Xenn. 


In recent years the isolation of brucella 
organisms from cases of Hodgkin's disease^ 
has caused considerable discussion. The con- 
firmation of this finding in Dur laboratory’' and 
the statements in the literature that these 
organisms could be isolated from patients with 
various infections- led us to seek an explana- 
tion. 

It seemed to us that the most likely e.x- 

1 Pars<«ni5, P. B., and Postou, M. A., South, JJTfd. 
J.y 1930. 5V2, 7 ; Porbus, W, D., and Guntor, J. N. 
South. Mrd. J., 19-11, 370, ^ 


planation was that infection with brucella 
was widespread, at least in certain regions, 
and that the organism persisted in people fur- 
nishing favorable foci. In order to test this 
hypothesis it was decided to explore the pos- 
sibility^ that tissues affording good conditions 
for growth of brucella organisms might actu- 
ally harbor them. Since brucella are known 


JL*J. 1934 ^ 1 , 702; Chaikin, X. W„ and sjludn 
ner, D.uid, Pcv. OdsiroentcroL, 1943^* 10 130' 
Amoss, n, L., Inienmt, CUn., 1931, 4, *93. ’ ^ 
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''Neurotripsy'' on Partially ^enervated ^Muscle 


TABLE I. 

Mean %yeight and Total Strength in Grams of Anterior Tibial Muscles. 



Xo. animals 




Correlation 


Left 

Right 

t ratio 

eoef. 

Total strength 

31 

3870 

4020 

1.18 

.82 


17 

7.24 

7.23 

.24 

.98 


TABLE II. 




Ayerage Strength in 

Grams Developed by Anterior Tibial l^Iuseles bv 

Stimulation of Ventral 


Roots of Spinal Nerves. 








Correlation 

No. animals 

Nerve stim. Left 


Right t ratio 

eoef. 

21 

L 4 108 


100 

.48 

.40 

21 

L 5 504 

Lc 2810 


509 

.05 

.S3 

20 


3015 

.38 

.80 

20 

L 7 342 


323 

.20 

.23 


TABLE III. 


Average Strength and Weight in Grams of Anterior Tibia! Muscles Following Bilateral Resection of 

Ventral Root L^, 



3 luos. after oper.; 6 animals 

5 mos. 

after oper 

.; 5 animals 

r 

Left 

Right 

t ratio 

Corn 

eoef. 

f 

Left 

Right 

t ratio 

Corn 

eoef. 

Strength direct stim. 

1917 

2000 

0.58 

.989 

1800 

1060 

.78 

.972 

Strength sciatic stim. 

1683 

1883 

1.45 

.990 

1540 

1400 

.00 

.948 

Weight 

5.56 

5.23 

1.41 

.979 

5.14 

4.92 

.49 

.915 


eration and to verify the resected root. All 
animals showing any signs of regeneration 
were discarded. The contribution of the ven- 
tral roots supplying the anterior tibial muscle 
was determined in a group of normal dogs by 
recording the ma.ximal tension developed by 
the muscle upon electrical stimulation of the 
individual ventral roots (L4 to L7 inclusive). 
Tension development was measured by a tor- 
sion myograph of the Bli.v type. 

The control animals were subjected to a 
bilateral section of ventral root Lg, and with 
no further treatment they were sacrificed 
three and five months following the production 
of the original lesions. Wet weights and ten- 
sion development upon ma.ximal direct and 
indirect stimulation of the muscles were de- 
termined. Statistical analysis of the experi- 
mental data was carried out by the method of 
paired comparisons. 

Results, Our experimental findings may 
be summarized as follows: 

L There was no significant difference be- 
tween mean strengths and weights of the two 
normal anterior tibial muscles, and a high de- 


gree of correlation between the muscla of 
the same animal. (Table I). 

2. L(5 supplied approximately 75% of the 
motor innervation to the anterior tibial T4, 
Lr„ and L7 supplied the remaining motor fibers 
(Table II). 

3. In the individual animals the contribu- 
tion of each L5 and L^j was practically the 
same for left and right muscles as indicated by 
the correlation coefficient (Table II)- 

4. At 3 months and at 5 months after bi- 
lateral resection of the ventral root of Lo the 
Joss of strength and degree of atrophy of the 
left and right anterior tibials was the same 
(Table III). 

5. Two months after “neurotripsy," there 
was no significant difference in either weight 
or strength between the treated and untreated 
muscle (Table IV). 

Discusswn, Billig, van Harreveld, and 
Wiersma found that a considerable proportion 
of the improvement in their patients w;is 
evident at 3 months after ‘meurotripsy:^ like- 
wise, a better response was obtained on poorer 
muscles. The two-month interval fonow/ng 
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Effect of the Amino Acid Hexahomoserine on Growth and 
Hematopoiesis in Swine, 


E. T. Mertz, W. M. Beeson, R. H. Waltz, Jr., and R. Gaudry. 
(Introduced by W. A. Hiestand.) 

From the Vepartvxents of Agricultural CJicmisirg and Animal Eii.s'bandrifj* Purdue University, 
Lafayette, Ind., and the Department of Biochemistry, JAedical School, Laval University, Quebec, 

Canada, 


The synthesis of the amino acid, a-amino-c- 
hydroxycaproic acid, was accomplished recent- 
ly by one of the authors/ and the name hexa- 
homoserine, was proposed for the new com- 
pound. It was shown that hexahomoserine 
could not replace lysine in the diet of rats, and 
that it was probably toxic.- Further studies^ 
showed that the incorporation of hexahomo- 
serine in the diet of the rat caused a drop in 
the hemoglobin level, red cell count, and red 
cell volume of the blood. Evidence was cited^ 
indicating that hexahomoserine may be iden- 
tical with the anemia-producing factor of 
deaminized casein.** 

Inasmuch as feeding experiments with 
he.xahomoserine have been limited to the rat, 
it appeared desirable to determine whether 
this compound would produce anemia in an 
unrelated species. The data presented below 
show that young pigs develop anemia and in 
addition, stop growing, when small amounts 
of hexahomoserine are added to an otherwise 
normal diet. 

ExperimentaL Two male and 2 female 
purebred Duroc weanling pigs, whose weights 
ranged from 53-60 lb, were paired for the 
feeding e.xperiments. The 4 pigs were kept 
in individual pens and were fed twice daily 
with amounts to satisfy the individual appe- 
tite of each animal. All animals received, 
throughout the course of the experiment, a 

* Journal paper No. 347, Purdue Tniversity 
.Vgricultural Experiment Statiou. 

2 Gaudry, R., Can. J. Jtcscarch, 194S, B, 2G, 3S7. 

- Giugras, R., Page, E., and Gaudry, R., Science, 
1947, 105, d21. 

Page, E., Gaudry, R., and Gingras, R., J. Bioh 
Chcin,, 1047, 171, S31. 

^ Ifag.ui, A, G., Powell, E. L,, and Guerraut, 
R. E,, J. Biol, Chtm,, 1945, 137^ 41, 


ration consisting of ground corn 58.75%, 
ground wheat 20%, Purdue supplement V 
20% (this supplement consists of meat and 
bone scraps 20%, fish meal 20%, soybean oil 
meal 40%, cottonseed meal 10%, and alfalfa 
leaf meal 10%), mineral mixture 1% (this 
consists of equal parts of limestone, steamed 
bone meal, and salt), and concentrated cod 
liver oil (NOPCO XX) 0.25%. 

For a period of 27 days, male 72 and fe- 
male 70 each received, in addition to the 
above diet, 3 g of DL-hexahomoserine daily. 
The hexahomoserine was mixed wdth the first 
half of the daily ration. The other pigs, male 
73 and female 71, received only the basal 
ration. 

A record was kept of daily food consump- 
tion and weekly weight gains. Twice a week 
red blood cell,^ white blood cell,^ platelet, t 
and reticulocyte^ counts w’ere made, and red 
blood cell diameters^ were measured, in blood 
samples taken from a lancet wound in the ear 
tip. Once a week, red blood cell, hemoglob- 
in,^ cell volume,", icteric index, ^ prothrom- 
bin,^ non-protein nitrogen,® total plasma pro- 

5 Todd, J. C., and Sanford, A. H., Clinical Diag- 
nosis by Laboratory Methods, pp. 238, 249, 294, 
and 386, XV. B. Saunders Co., Philadelphia, 1936. 

t Determined by measuring the ratio of platelets 
to red blood cells in blood diluted with 12% 
XIgS 04 and stained with Wright stain, 

G Evehm, K. A., J. Biol. Chem., 1936, 115, 63, 

'JWintrobc, M. M., J. Lab. Clin, Med,, 1929, 
15, 287. 

SZiffreu, S. E,, Owen, C. A., Hoffman, G. R., 
and Smith, II. P., Proc. Soc. Exp. Biou AXt> Ued., 
1939, 40, 595. 

Hawk, P. B., and Bergeim, O., Practical Physi- 
ological Chemtstry, pp. 420 and 453, P. Blakiston 
Co., Philadelphia, 1937. 
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Brucella pro^i Apparently Healthy Individuals 


to multiply in macrophages and fibroblasts/ 
it was thought that cultures of enlarged pros- 
tates and fibrosed fallopian tubes might re- 
veal the presence of these organisms. 

At present 34 prostates have been cultured. 
From these cultures Brucella abortus has been 
isolated in 2 instances and Brucella melHeusis 
in a third. Forty-three fallopian tubes have 
been similarly studied'. From one of these 
Brucella vielitensis has been isolated*. The 
cultures of the prostates and tubes were made 
by obtaining from the surgeon, in a sterile 
container, portions of the prostate which were 
removed through the urethra. The specimens 
were immediately macerated, extracted, and 
the tissue extract incubated in Bacto-tryptose 
Broth at 37.5°C in 10% COo for 10 days. 
After 10 days the broth specimens were inocu- 
lated on Bacto-Tryptose Agar plates, and 
these were similarly incubated for 10 days. 
Unless positive specimens were obtained soon- 
er, this procedure was repeated twice before 
discarding the specimens as negative. Identi- 
fication of the organisms was made by 1) the 
morphology of the colony on tryptose agar, 2) 
the morphology and staining reactions of the 
individual organisms, 3) sugar reactions/ and 
4) agglutination with specific antiserum. Two 
of the positive specimens were sent to another 
laboratory where their identification was con- 
firmed.* 

Microscopic examination of all the prostates 

3 Goodpasture, B. B., and Anderson, K., Ajn. J, 
Path., X937, 13, 149; Castaneda, IT. E., Pkoc. Soc. 
Exp. Biol, and Hed., 1947, 04, 298. 

* Two of the positive cultures were sent to the 
laboratory of Br. IV. W. Spink of the University 
of Minnesota School of Medicine where their 
identity was confirmed. 


and all the fallopian tubes was made. Prac- 
tically all of them showed evidence of chronic 
infection. Sections from 2 of the prostates 
and' the fallopian tube had a perivascular re- 
action which was not present in tlie others. 
This reaction consisted in a perivascular cuf- 
fing with mononuclear cells, many of which 
were eosinophilic. The third prostate could 
not be evaluated microscopically, because of 
extensive involvement \vith cancer. 

Although none of the patients from whom 
brucella were obtained had any unusual symp- 
toms prior to operation, a review of their 
histories revealed' certain significant facts. In 
all 4 cases there was a history of country life 
and contact with cows and other farm animals. 
In 1 instance the patient had been in contact 
with ah animal infected with brucellosis. In 
all cases there was a history of the consump- 
tion of raw milk. All of the patients had a 
clinical record of illnesses compatible with 
brucellosis. None of these illnesses, however, 
had occurred in recent months. The serum of 
all 4 patients lacked agglutinins for brucella, 
while their skin gave strongly positive reac- 
tions with brucella antigen. The post opera- 
tive course of these patients tos characterised 
by persistent low grade elevation of their 
temperature. It was impossible, however, in 
any of the cases to be certain that this fever 
was due to the brucella since in every instance 
there were other complications which might 
account for it. 

We believe that this study, together with 
those of others, indicates that brucella is en- 
demic, at least in certain parts of the world, 
and that the organisms may be carried by a 
number of apparently healthy individuals. 
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E. T. Mertz, W. :M. Beesok, R. H. Waltz, Jr., axd R. Gaudry. 
(Introduced by W. A. Hiestand.) 

From the Departments of Agricultural Chemistry and Animal Uushandry* Purdue Vniversitg, 
Lafayette, Ind., and the Department of Biochemistry, J/edfica? School, Laval Vniversity, Quebec, 

Canada, 


The synthesis of the amino acid, a-amino-e- 
hydroxycaproic acid, was accomplished recent- 
ly by one of the authors,^ and the name hexa- 
homoserine, w'as proposed for the new com- 
pound. It was shown that hexabomoserine 
could not replace lysine in the diet of rats, and 
that it was probably toxic.- Further studies^ 
showed that the incorporation of hexabomo- 
serine in the diet of the rat caused a drop in 
the hemoglobin level, red cell count, and red 
cell volume of the blood. Evidence was cited^ 
indicating that hexabomoserine may be iden- 
tical with the anemia-producing factor of 
deaminized casein.'^ 

Inasmuch as feeding experiments wdth 
hexabomoserine have been limited to the rat, 
it appeared desirable to determine whether 
this compound would produce anemia in an 
unrelated species. The data presented below 
show that young pigs develop anemia and in 
addition, stop growing, w^hen small amounts 
of hexabomoserine are added to an otherwise 
normal diet. 

Experimental, Two male and 2 female 
purebred Duroc weanling pigs, rvhose weights 
ranged from 53-60 lb, were paired for the 
feeding experiments. The 4 pigs were kept 
in individual pens and were fed twice daily 
with amounts to satisfy the individual appe- 
tite of each animal. All animals received, 
throughout the course of the experiment, a 

* Journal paper Xo. 347, Purdue XTniveraity 
.VgricuUural Experiment Station. 

1 Gaudrv, Can. J, BvscarcU, 194S, B, 150. 3S7, 

- Gingra-s, K., Page, E., and Gaudry, B., Science, 
1947, 105. 

Page, E.. Gaudry, II., and Giugras, It., J. Biol, 
Chvm., 1947, 171, S31. 

< Hogan, A. G., Powell. E. L., and Guerrant, 
K. E., J, Biol. Chrm., 1945, 1B7, 41. 


ration consisting of ground corn 58.755^, 
ground wheat 20%, Purdue supplement V 
20% (this supplement consists of meat and 
bone scraps 20%, fish meal 20%, soybean oil 
meal 40%, cottonseed meal 10%, and alfalfa 
leaf meal 10%), mineral mixture 1% (this 
consists of equal parts of limestone, steamed 
bone meal, and salt), and concentrated cod 
liver oil (XOPCO XX) 0.2 5^0 . 

For a period of 27 days, male 72 and fe- 
male 70 each received, in addition to the 
above diet, 3 g of DL-hexahomoserine daily. 
The hexabomoserine was mixed with the first 
half of the daily ration. The other pigs, male 
73 and female 71, received only the basal 
ration. 

A record was kept of daily food consump- 
tion and weekly w’eight gains. Twice a 4Yeek 
red blood cell,^ white blood cell,^ platelet,! 
and reticulocyte-*' counts were made, and red 
blood cell diameters^ W'ere measured, in blood 
samples taken from a lancet wound in the ear 
tip. Once a week, red blood cell, hemoglob- 
in, cell volume,", icteric index, ^ prothrom- 
bin,^ non-protein nitrogen,^ total plasma pro- 

5 Todd, J. C., and Sanford, A. H., Clinical Diag- 
nosis by Laboratory Methods, pp. *238, 249, 294, 
and 3S6, XV. B. Saunders Co., Pliiladelplua, 1936. 

f Determined by mcasuriug the ratio of platelets 
to red blood cells in blood diluted with 1*2 
MgSO^ and stained with Wright’s stain. 

«Eveh*n, K. A., J. Biol. Chem., 1936, 115, 63. 

'Wintrobe, il. M., J. Lab. CUn. Med., 1929, 
15, 287. 

^ Ziffreu, S. E., Owen, C. A., Hoffman, G. B., 
and Smith, IL P.. PHoc, Soc. Exp. Biol, axo Mkd,, 
1939. 40, 595. 

u Hawk, P. B., and Bergeiui, O., Practical Physic 
ological Chemistry, pp. 420 and 453, V. Blakiston 
Co., Philadelphia, 1937. 
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Effect of Hexakomoserine on Swine 



tein/^ albumin,^ globulin,^ and fibrinogen^ 
determinations were made on blood samples 
drawn from the anterior vena cava. 

• Results, The effect of hexahomoserine on 
the red blood cell level of the swine is shown 
in Fig. 1, The red blood cell level of pig 70 
began to fall about 9 days after hexahomo- 
serinehad been added to the diet. By the 27th 
day, the red cell count had dropped to 3.2 
million. At this point, the feeding of hexa- 
homoserine was discontinued. One week after 
hexahomoserine was removed from the diet, 
the red cell count of this pig was still 3.2 mil- 
lion. The following day the pig died. 
Autopsy^ showed marked enlargement of the 
spleen, lesions of swine pox, and a myocarditis 
characterized by accumulations of mononu- 
clear cells. Microscopic examination of the 
bone marrow revealed no abnormal increase or 
reduction in the content of immature red blood 
cells. The bone marrow appeared to be func- 
tioning normally in the anemic animal. 

The curve in Fig. 1 shows that pig 72 did 
not have a lowered erythrocyte count until 
about the 20th day after hexahomoserine had 
been added to the diet. On the 27 th day, 
the last day on which the compound was fed, 
the erythrocyte count was 4.4 million, as com- 


t We are indebted to Dr. L* Boyle, De2)art- 
mcnt of Veterinary Seieuee, Purdue Tniversity, 
for performing the autopsioij on pig^ 7i> and 7-. 


pared with 6.6 million for the control pig 73. 
One week after the feeding of hexahomoserine 
had been discontinued, the erythrocyte count 
of pig 72 had risen to 5.1 million, and the 
hemoglobin level and cell volume were back 
to normal (15,3 g of Hb and 35.7 ml of total 
cells per 100 ml of blood compared with 15.2 g 
of Hb and 36.2 ml of total cells for pig 73). 
Ten days after the removal of hexahomoserine 
from the diet, the erythrocyte count of pig 72 
had risen to 6.1 million. The animal was 
maintained on the basal ration for a total of 
5 weeks after the he.xahomoserine was drop- 
ped from the diet, and was then autopsied. 
Macroscopic and microscopic examination of 
the various tissues, including the bone mar- 
row, showed no abnormalities; the ingestion 
of hexahomoserine had apparently caused no 
permanent damage. 

The hemoglobin and cell volume values ob- 
tained on the blood of the four pigs are sum- 
marized in Table I. The blood of pig 70 
shows a marked drop and the blood of pig 
72 a slight drop in hemoglobin and cell 
volume. 

The white blood cell, platelet and reticulo- 
cyte counts, the red blood cell diameter, and 
the icteric inde.x, prothrombin, non-protein 
nitrogen, total plasma protein, albumin, globu- 
lin and fibrinogen values obtained on the blood 
of the two pigs receiving hexahomoserine 
showed no significant deviations from the 
values obtained simultaneously on the 2 nor- 
mal control pigs. The experimental data 
are not reproduced here. It should be pointed 
out that the level of hexahomoserine fed in 
these studies may have been too low to pro- 
duce changes in any blood constituent e.xcept 
the red blood cell. 

In addition to depressing the level of red 
blood cells, hexahomoserine affected the 
growth rate of the pigs (Fig. 2). The com- 
pound appeared to have a delayed action on 
growth, for the two animals consumed normal 
quantities of feed and gained weight at a 
normal rate for approximately one week after 
the compound was added to the diet. .Vfter 
this initial period, however, both animals con- 
sumed less feed and stopped growing. During 
the last IS days of the experiment, the animals 
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TABLE r. 

Effect of Hcxalionioserine on Hemoglobin Level and Blood Cell Volume of Swine. 

No. of days 
on diet 

Hemoglobin 
(g Hb/100 ml blood) 

Cell volume 

(ml cells/100 ml blood) 

70 0* 

71$ t 

72^* 

73 $ t 

70$ 

719 

72 ^ 

73 

0 

12.8 

15.1 

14.9 

12.4 

31.0 

36.0 

36.0 

31.0 

G 

14.4 

14.3 

— 

— • 

29.5 

33.0 

— 

— 

12 

9.9 

14.8 

13.2 

15.2 

29.7 

35.9 

32.S 

39.4 

18 

10.3 

15.0 

12.0 

15.6 

25.0 

34.6 

29.6 

35.G 

27 

G.4 

15.0 

12.5 

14.7 

22.5 

39.5 

32.0 

39.0 


^ Animal received 3 g of liexaliomo serine daily, 
t Control animal, deceived no hexahomoserine. 


receiving hexahomoserine each consumed an 
average of 2.2 Ib of feed per day, and gained 
little or no weight; the control animals each 
consumed an average of 3.5 lb of feed per 
day and gained weight in a normal manner. 

Removing hexahomoserine from the diet of 
pigs 70 and 72 did not cause an immediate 
resumption of growth. Pig 70, when returned 
to the basal ration, lost 6 pounds during the 
first week and succumbed on the eighth day. 
Pig 72 recovered from the anemia in about 
10 days but did not show normal weight gains 
for one month. 

Discussion, The data presented above in- 
dicate that no major constituent of the blood 
except the red blood cell is affected when 3 
g of DL-hexahomoserine are fed daily for 27 
days to young (50-60 lb) pigs. If the de- 
crease in circulating red cells in the blood of 
these pigs were due to a destruction of the red 
cells by he.xahomoserine, one would expect an 
increase in the icteric index of the blood. No 
increase was observed. It is possible that 
hexahomoserine slows down or prevents the 
release of mature red cells to the blood stream. 
The finding of a normal suppty of immature 
cells in the bone marrow of the anemic pig 
70, and the presence of a normal icteric index 
and reticulocyte count in both of the anemic 
animals would support this h>T 30 thesis. 

The inhibition of growth by he.xahomo- 
serine may be due to the development of a ly- 
sine deficiency in the animals. No data are 
available on the lysine requirements of swine, 
but lysine has been found essential for growth 
in all species tested to date. He.xahomoser- 
ine is closely related structurally to lysine, 
and may be a metabolic antagonist of the lat- 
ter. Further studies on the mechanism of the 


action of hexahomoserine are in progress.* 
Summary. Two Duroc pigs were fed hexa- 
homoserine (a-amino, e-hydroxy caproic acid) 
for a period of 27 days. A marked lowering 
of the red blood cell count was observed in 
both animals. No major constituent of the 
blood, except the red blood cell, was affected. 
In addition to developing anemia, the pigs 
made no significant weight gains after one 
week on the diet containing hexahomoserine, 
and it is concluded that the amino acid in- 
hibits growth. 



The numbers iu parentheses denote the initial 
and hnal weights of the pigs. 

* Since this paper was written, it has been 
shown conclusively that lysine is essential for the 
growth of pigs (Mcrtz, E. T., Shelton, D. C., and 
Beeson, W. M., J. Animal ScL, 1948, 7, 530). 
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antiproteolytic activity, cancer. 276. 
sickness, hapten reacting hemagglutinins. 
562. 

pob^saccharide, normal. 507. 

Botultnus toxin, hemagglutination. 332. 

Brain, cortex Qo:2i diisopropyl fluorophosphate. 
363. 

respiration inhibition, ethanol. 331. 

Ou consumption, two new analgetic agents. 
566. 

Brown-Pearce tumor, Z factor, spleen. 306, 
Brucella isolation from healthy. 607. 


Calcification epiphyses, phosphatase inactiva- 
tion. 262. 

Cancer, breast, age factor. 438. 
incidence, hyaluronidase. a-4. 
interrupted treatment, tumor formation, 90. 
serum antiproteolytic activity. -/6. 
Castration, mammary tumor, males. J-1. 
Cecitis, ulcerative, streptomycin. 11. 

Cell respiration. embryonic (hetli> kiithio- 
carbamate. 442. 


Chojecyslectoray, fecal fat excretion. 140 
Choline, atherosclerosis absorption. '’83 
-diethyl,^ ethionine. growth, liver fat, kidney. 

Chromosome nucleic acid, leukemic spleen 542 
Circulation augmentation, femoral venous, 
muscle stimulation. 368, 

Complement, conglutinating, absorption test. 

Coptis root extr., bacteriocide, 141. 

Corneal epithelium adhesiveness, histamine, 
antihistamines. 506. 

Coronary, L., collateral vascular beds com- 
munications. 115, 

Convulsions, electrical, plasma vol. decrease. 
598. 

Creatine, creatinine . det*n., chromatography. 
267. 


Dengue, complement fixation test. 478. 
Deformation, mechanical, recording. 302. * 
Diabetes, alloxan, blood coagulation. 309. 
riboflavin. 573. 
testis hyaluronidase. 391. 
pancreatic, ll-desoxycorticosteronc. 329. 
Dibenamine, schizophrenia, catatonia. 238. 
Dicumerol, Ac-globulin, prothrombin. 491. 
effect, prothrombin level. 143. 
electrophoretic pattern. 501. 
rutin. 97. 

Digitoxin, microclethi. 487. 

Drugs, cardiac, phosphorylated intermediates. 
419. 

Duodenum, morphine. 146. 


Encephalitis, allergic. 472. 

EncepKalotomy, stereo-. 175. 

Eosinophiles, epinephrine, insulin, surgery. 
499. 

Epiphysis growth suppression, radiation. 171. 
Escherichia coli growtli, nutrients, strepto- 
mycin-sensitive, -resistant, -dependent 
strains. 586. ^ 

Ethanol metabolism, insulin. 4Ia. 

Euglena, chloropliylless, streptomycin-induced. 
279. 

Evisceration, survival time, insulin, glucose. 
441. 

Eyeball enlargement, glycine. 488. 


Fat emulsion, intrav. infusion. 387. 

Fertility, semen dilution, spermatozoa nmnhcr. 


* 56 . 

Fibrinolysin, o.xytocin, vasopressin, nyperten- 
si nogen. 422. 

Fibroblast fibrillar structure, 
scopy. 86. 

Fibrosarcoma, gastric l^csion 
genetic changes. 521. 
growth retardation, Furacin. 

Fixation, rhizobia, isotopic stinly* itw- 

Flour, agenized. feeding. I tit!) 

Furacin, fibrosarcoma growth reiar I. 


electron niicro- 
susceptibility, 
603. 
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Gastric mucosa protection, ulceration, protein, 
369, 

secretion, extr. pregnant mare urine. 108. 
Growth factors, unidentified, pigs. 513, 
hematopoiesis, hexahomoserine. 609. 
inhibitor, cardiac muscle, 364. 
pantotbenol. 571. 

Heart, atrio-ventricular anastomosis, valve, 
345. 

relaxation period L,. ventricle, mitral stenosis, 

22 . 

Hemagglutinin production, mumps, influenza A 
Virus, influenza A, mumps, hemag- 
glutinin. 124. 

Hematopoiesis, hexahomoserine. 609. 
Histamine, adenosine triphosphatase. 450. 
Homogentisic acid, gentisyl alcohol bacterio- 
cidal. 201. 

Hormone adrenalin, lymphopenic reaction. 426. 
adrenocorticotrophic anaphylaxis. 465. 
adrenocorticotrophin, blood platelets. 361. 
adrenocorticotropic, ketonemia. 52.^ 
androgen, adrenal cortex tumor. 357. 

inactivation, liver. 447. 
11-Desoxycorticosterone, pancreatic glyco- 
suria. 329. 

• estrogen det’n., lobster eggs. 179. 
urine. 181. 

response, aminopterin, folic acid. 299. 
gonadotrophic, parabiosis. 156. 
growth, N excretion. 118. 
insulin, ethanol metabolism. 415. 
oxytocin, fibrinolysin. 422. 
testosterone, male development. 358. 
Hyaluronidase inhibitors. 258. 

serum mammary cancer incidence, 524. 
Hydrocephalus, folic acid, vit. A. 272. 
Hyperemia, reactive, antihistaniinic drugs. 537. 
Hyperthyroid, pancreas. 122. 

Ileum, isolated, survival time, acetylcholine, 
histamine. 166. 

Indoleacetic acid, man. 494. 

Ketonemia, adrenocorticotropic hormone. 52. 
Ketosteroid excretion, monkey, testosterone. 
265. 

Kidney function, premature infants. 55. 
plasma flow, exercise. 170. 

hathyrism, serum alkaline phosphatase. 445. 
Leptospira, bovine, strains, 503. 

Leukemia spleen chromosome nucleic acid. 542. 
vaccine virus vl04. 

Liver extr., lipotropic, liver injury'. 3. 
Lymphocytic protein synthesis, antigen inin. 
IS. 

Lymphoid tissue, malignant tissue damage 
response. 339. 

Magnesium deficiency, 128. 

Mannitol metabolized? 152. 

Marrow, bone, aspiration. 53. 

Megakaryocyte counts. 590. 

Melhadon addiction, 430. 

Methionine, arginine, dietary excess, 196. 

, Pyrnlinc toxicity. 4S0. 

Milk, PJ-J, 354. 

Mononucleosis antigen prep'n., erythroc^'te 
stroma. 558. 


Necrosin, spontaneous tumors. 460. 
Nephrectomy, renal, artery ligation, protein. 
198. 

“Neurotripsy,” denervated muscle. 605. 
Nucleosides, microbiology. 40. 

P**- secretion, milk. 354. 

Pancreas, hyperthyroid. 122. 

Pantothenol, growth. 571. 

Penicillin diffusion, cerebrospinal fluid. 458. 
effectiveness, blood cone., time. 297. 
excretion. 601. 
fast staph, aureus. 26. 
induced resistance, /3 h. strep. 312. 

Penis growth, androgen, hj' poph 3 "sectomy~ 
gonadectomy. 158. 

Pharynx bacterial flora. 45. 

Phosphaznidase, histochemical. 407. 
Phosphatase, appendix lymphatic nodules, de- 
hydrating. 43, 

Pituitary, adrenal X zone. 120. 
anterior, adrenal enlargement, nephroscle- 
rosis, h^^pertension, amino acids. 591. 
gonadotrophin, secretion, estradiol inactiva- 
tion products. 527. 

Polio-encephalitic brain, P conipds. 34. 
Polycythemia, BAL. 84. 

vera, sternal marrow blood O 2 . 316. 
Polypnea, thermal, dinitrophenol. 413. 
Pneumonia, hypoalbuminemia. 404. 
plasma protein. 398. 
recovery, adrenal cortex extr, 529. 
Pregnancy, electro-shock. 287. 

Preputial gland, rats, 233. 

Pseudopregnancy prolongation, deciduomata. 
417. 

Pulse, finger vol., forced expiration. 111. 
Pyridine toxicit 3 % choline, cystine, methionine. 
480. 

Obstruction, intestinal, parenteral alimentation. 
14, 

Optic tract myelin lack, underfeeding. 101. 
Organogenesis in vitro, procedures. 374. 

Ovary, relaxin, 395, 

Radiographs, stripping film. 225. 

Relaxin, ovary. 395. 

Rodenticides, acceptance. 593. 

Rutin, Dicoumarolism. 97. 

Saline tolerance, intrav. 220. 

Salmoneliae, Vibrio comma antigenic relation. 

95. 

Scurvy, C’b*h 3 '. metab., insulin, adrenal cortical 
hormones, salt, alanine. 351. 
Shwartzman phenomenon inhibition, solvents. 
409. 

reaction, X mustard, x-ra 3 ’, benzene. 247. 
Sickle cell disease, rbc. viscosit 3 '. 19, 
Splenectomy, liver extr., ptero 3 'lglutainic acid. 
7. 

Staphylococcus aureus, penicillin, sulfactin fast. 
26. 

Stilbestrol, dieth 3 d-, urine pregnanediol. 436. 
Streptococci, h., drug sensitivit 3 % penicillin 
treated scarlet fever. 314. 

Streptomycin, cecitis. 11. 
penicillin bacteriocidc. 477. 
resistant organism, growth on streptomycin. 
544. 
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-sensitive, -resistant Escherichia coli growth, 
nutrients. 586. 
therapy. 105. 

Sweat, corticoids. 448. 

T. cruzi lysates, tumor. 134. 

Testis androgen, liver inactivation. 447. 
degeneration, microwave irradiation. 382. 
hyaluronidase, alloxan diabetes. 391. 
Tuberculin hypersensitivity passive transfer. 
162. 

Tuberculosis — mouse test. 16. 

ulcerative, production. 531. 

Tumor, adrenal cortex, androgen. 357. 
Brown-Pearce, blocking host resistance. 579. 
transplantation. 576. 

granulosa cell growth, progesterov^e, 516. 
mamma, males, ovarian grafts, castration. 
321 . 

regression, amphibian skin extr, 336. 
r. cruzi lysates. 134. 

Tricbinella spiralis reduction naphthoquinone 
treatment. 569. * 

Trypanosoma hippicum, Zn-insulin. 555, 
Typhus fever, complement fixation. 22, 
muirine, complement fixation. 31. 

Ulcer, duodenal, nocturnal gastric secretion. 
153. 

Urea, diet. 377. 

Uremia, phenols. 177. 


Urine pregnanediol, diethylstilbestrol. 436. 

Vibrio comma, sahnonellae antigenic relation, 95. 
Virus cultivation chorioallantois skin grafts. 
341. 

fibroma propagation, embryo egg. 136. 
Foot-and-mouth disease, 57, 

complement fixation. 70. 
pathogenicity, invasiveness. 66. 
serum neutralizing test. 74. 
vaccination. 77. . 

influenza hemagglutination, saliva. 291. 
neurotropic, encephalitis, trypan red. 511. 
poliomyelitis, oxythiamine. 454. 
poliomyelitis, serum antibodies. 256. 
mumps isolation. 99. 
psittacosis, purification. 202. 

serum lipid, 186. 
vaccine, leukemia.' 304. 

Vxt. A, folic acid, hydrocephalus. 272, 

Ascorbic acid metabolism, trypanosoma in- 
fection. 206. 

Folic acid, estrogen response. 299, 
X-irradiation, anemia. 518. 

Pantothenic acid, bactenal'metabolism. 379.. 
Pteroylglutamic acid deficiency, hematology. 
211 . 

Riboflavin, alloxan diabetes. 573. 
Xanthopterin, growth, hematopoiesis. 221. 




